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August 29, 1994

Steven L. Costa

Project Manager

CH2M Hill

P.O. Box 12681

Oakland, CA 94604-2681

Re: Comments on Bioassay Testing of Ocean Disposed High-Strength
Waste of StarKist Samoa, Inc. and VCS Samoa Packing Company

Dear Steve:

We have reviewed the report of June 29, 1994 for the first of
three rounds of bioassays of high-strength waste, as required by
the canneries’ ocean disposal permits. The report is based on two
sampling events: the first was collected on February 16, 1994; and,
a second sample was required and tested in March 1994, due to test
failure of the echinoderms in the first sample. Your proposed
changes to the study methods, as outlined in your memo of July 1,
1994, are acceptable. Enclosed is a memo from Amy Wagner of EPA’s
Laboratory Support Section, detailing the acceptable changes.
Please call Amy at (510) 412-2329 if you have any questions on her
comments.

We note that the second and third rounds of testing were
scheduled for May and August 1994, and we would like to know if
these tests were conducted as scheduled and, if not, the resched-
uled dates, and when we can anticipate the reports on these
bioassays. Please relay this information to Pat Young, American

Samoa Program Manager, or if you have any questions, call her at
(415) 744-1594.

Sincerely,

4l 57, TiiéﬂL
lgﬂ,Norman L. Lovelace, Chief
Office of Pacific Island and Native
American Programs (E-4)

Enclosure

cc: Jim Cox, Van Camp Seafood Company
Norman Wei, StarKist Seafood Company
Tony Tausaga, American Samoa EPA
Sheila Wiegman, American Samoa EPA
Allan Ota, W-3-3
Amy Wagner, P-3-1
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MEMORANDUM

SUBJECT: Review of Bioassay Testing of Starkist, Samoa, Inc. and VCS Samoa
Packing High Strength

[ "\

; M
FROM: Amy r Wagner

Laboratory Section (P-3-1)
THRU: Brenda Bettencmrt Clnef
Laboratory Section (P-3-1)

TO: Pat Young
OPINAP (E-4)

Allan Ota
Wetlands and Sediment Management Section (W-3-3)

At your request, I have reviewed "Results of a Bioassay Conducted on Two High
Strength Waste Samples from the Van Camp and Starkist Tuna Canneries in American
Samoa." The following recommendations are based on the results of the first round
of testing.

1. p. 11. The salinity of the Mysidopsis bahia tests were 25 ppt, presumably based on
the salinity of the shipping water. An effort should be made to find a supplier that
raises mysids in a salinity closer to that of the discharge site, between 30-35 ppt.

2. Appendix, p. 1. It is recommended that the water quality measurements pH,
dissolved oxygen, and initial salinity be measured for all samples upon receipt.



3. Appendix, Table 10. The salinities of 26-28 ppt most likely caused the high
mortality in controls with the sea urchin toxicity test. If necessary, brine adjustments
should be used to increase the salinity of test samples to the test method requirements
of 30 + 2 ppt.

4. To reduce salinity elevation throughout the tests, an attempt should be made to
cover test containers to reduce evaporation.

Based on the results of these tests, the following changes in the bioassay methods
recommended by CH2M Hill in the cover memo are acceptable.

1. The series of the concentrations for toxicity tests can be reduced to 2.0%, 1.0%,
0.5%, 0.25%, 0.125%, and 0.0625% 1nstead of the suggested series.

2. Mytilus edulis can be used instead of Strongylocentrotus purpuratus as the third
test organism. The oyster Crassostrea virginica may be substituted for the mussel
test during the months when mussels cannot be spawned.

3. Aeration should be provided in the mussel test containers due to high biological
oxygen demand of the effluent. In addition to a control with aeration, a control
without aeration should be run. A t-test should be used to determine if the there
1s any significant effect of aeration.

Any questions on the comments can be addressed to me at (510) 412-2329.

cc: Jeff Rosenbloom, Chief
Wetlands and Sediment Management Section (W-3-3)



MEMORANDUM

TO: Pat Young/USEPA

COPIES: Amy Wagner/USEPA (w/ attachments)
Kurt Kline/ABT (w/o attachments)

FROM: Steve Costa/CH2M HILL/SFO
Don Kingery/CH2M HILL/SFO

DATE: July 1, 1994

SUBJECT: Bioassay Testing of Starkist Samoa, Inc. and VCS Samoa Packing High
Strength Waste

PROJECT: OPE030702.EL.R2

High strength waste (HSW) bioassays are required by Special Condition 3.3.5 of
Starkist Samoa’s and VCS Samoa Packing’s ocean dumping permits. The results of the
tests are presented in the attached: "Results of a Bioassay Conducted on Two High
Strength Waste Samples from the Van Camp and Starkist Tuna Canneries in American
Samoa" prepared by Advanced Biological Testing Inc., Tiburon, California.

Acute effluent bioassays were conducted on Mysidopsis bahia (mysid shrimp) juveniles,
Mpytilus edulis (blue mussel) larvae, Strongylocentrotus purpuratus (purple sea urchin)
larvae, and Citharichthys stigmaeus (speckled sanddab) juveniles using HSW collected
separately from the Starkist Samoa and VCS Samoa Packing canneries in Pago Pago
Harbor, American Samoa. The results of these bioassays are summarized in the table
below.

Based on the results of the bioassays, we recommend the following changes to the
HSW bioassay protocol:

Reduce the upper end of the HSW concentration series for all bioassays to a maximum
of 3.0%. The results of the bioassay tests give a better understanding of the test
concentrations needed. No additional information is required at concentrations greater
than 3.0%. Reducing the maximum concentrations will reduce the amount of HSW
that needs to be sampled and shipped. We recommend a series of concentrations for
the bioassays of 3.0%, 1.5%, 0.8%, 0.2%, 0.1%, and 0.05%.

Continue running bioassays with Myfilus edulis while monitoring the effects of aeration
on organism mortality but drop the use of Strongylocentrotus purpuratus larvae as test
organisms for the HSW. This recommendation is made for the following reasons:

+ Special Condition 3.3.5 of the permits requires only three organisms be
tested; one organism each out of three specified groups. Mysidopsis bahia



MEMORANDUM

Page 2

July 1, 1994
OPE030702.EL.R2

Please review the above recommendations.

and Citharichthys stigmaeus satisty the requirements for Groups 2 and 3.
Group 1 contains larval stages of both bivalves and echinoderms and running
just Mytilus edulis should satisfy this requirement.

Because of the high oxygen demand of the effluent, all test containers
required aeration throughout the tests to maintain adequate oxygen
concentrations for the test organisms. Aerating the chambers using Mytilus
edulis and Strongylocentrotus purpuratus larvae as bioassay test organisms gives
problematic results. Aeration is standard protocol for bioassays on fish and
invertebrates when oxygen levels fall below 40% of saturation, but is not
standard protocol for bioassays on larval bivalves and echinoderms. The
effects of aerating the water on the survival of these organisms is not known.
Because the Mytilus edulis bioassays are only run for two days (vs. four for the
Strongylocentrotus purpuratus) the organisms are exposed for half the time and
the effects of aeration may be reduced.

The mortality of the control group was substantial for the echinoderms and is
unacceptable according to protocol. The cause of the high mortality in the

control is not known at this time.

We suggest Amy Wagner contact Kurt

Kline, Advanced Biological Testing Inc., directly at (415)435-7878 to discuss any
comments you have on the bioassay protocols.

Summary of High Strength Waste Bioassay Results.

Starkist Samoa VCS Samoa Packing
Test Organism 1 1
LCs, NOEC/ICy, LCs, NOEC/ICs,
Citharichthys stigmaeus 0.27% 0.2% 0.59% 0.4%
(sanddab)
Mysidopsis bahia 0.12% 0.05% 0.59% 0.05%
(mysid shrimp)
Mytilus edulis > 1.2% < 0.08% > 1.2% < 0.08
(blue mussel)
Strongylocentrotus purpuratus 2 > 1.2% < 0.08% > 1.2% 0.1%
(urchin)

1

mussel and urchin larvae.

Control survival of 64.4% is unacceptable according to protocol.

NOEC reported for the juvenile sanddabs and mysid shrimp, ICs, reported for the
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Advanced Biological Testing Inc.

1.0
INTRODUCTION

At the request of CH2M Hill (Project # PDX 30702), Advanced Biological Testing conducted
acute effluent biloassay testing on Mysidopsis bahia, Mytilus edulis, Strongylocentrotus
purpuratus and Citharichthys stigmaeus using high strength wastes (HSW) collected separately
from the Van Camp (HSW-1) and Starkist (HSW-2) tuna canneries in American Samoa. The
study was run using methods generally specified in EPA 1991 and in a Sampling and Testing
Plan submitted to the EPA.

The study was conducted at the Advanced Biological Testing Laboratory in Tiburon, California,
and was managed by Mr. Mark Fisler.
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2.0
METHODS

2.1 EFFLUENT SAMPLING

The high strength wastes were sampled as composites on February 16, 1994 by personnel from
CH2M Hill. Due to shipping and airline scheduling problems, frequently encountered in this
region, the sample was received by the laboratory on February 19, 1994. Two five gallon carboys
were provided from each cannery defined as HSW-1 (VCS) and HSW-2 (SK) and were
maintained in ice-filled coolers from the date of sampling until laboratory receipt. The sample

were at 2-3°C upon receipt.

Due to the test failure in the echinoderms, both of the HSW were resampled on March 30, 1994,
and shipped to ABT arriving on April 4, 1994.

2.2 SAMPLE PREPARATION
2.2.1 Testing on the speckled sanddab, Citharichthys stigmaeus

After extensive discussions with the EPA regarding the proposed testing concentrations, the high
strength wastes were tested at eight concentrations starting from 3.0% and dropping using a 50%
dilution factor. The final concentrations were 3.0, 1.5, 1.25, 0.8, 0.4, 0.2, 0.1 and 0.05% as
vol:vol dilutions in seawater. The diluent was filtered seawater from the Bodega Bay Marine
Laboratory. The dilutions were brought up to the test temperature (14°C) and aerated
continuously. Based upon data provided by CH2M Hill, and subsequently supported by
information from the EPA, these effluents have an extremely high biological oxygen demand,

therefore aeration was carried out from the beginning of the test.

A reference toxicant was run using concentrations of the toxicant Sodium Dodecyl Sulfonate
(SDS) made up as a 2 grams per liter stock solution in distilled water. The tested concentrations
were set at 25, 12.5, 6.25, 3.1, and 1.6 mg/L in 30 ppt seawater in a 24 hour test.

2.2.2 Testing on the mysid, Mysidopsis bahia

Both of the high strength wastes were tested twice, once in a concentration series of 25, 12.5,

6.25, 3.1, 1.6, 0.8, and 0.4% vol:vol in seawater, and after discussions with the EPA, a second
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time at a lower concentration series of 1.6, 0.8, 0.4, 0.2, 0.1 and 0.05% vol:vol dilutions. The
diluent was filtered seawater from the Bodega Bay Marine Laboratory. The dilutions were

brought up to the test temperature (20°C) and aerated continuously.

A reference toxicant was run using concentrations of the toxicant Sodium Dodecyl Sulfonate
(SDS) made up as a 2 grams per liter stock solution in distilled water. The tested concentrations

were set at 20, 10, 5, 2.5 and 1.25 mg/L in 30 ppt seawater in a 96 hour test.
2.2.3 Echinoderm and Bivalve Larval Bioassay

Test solutions used in the bioassays were prepared using San Francisco Bay seawater at 28 ppt in
serial dilution (0.5) to create 0.08%, 0.15%, 0.3%, 0.6% and 1.2% test concentrations for the
bioassays. The echinoderm test failed control survival in two testing attempts using the initial
HSW delivered on February 19, 1994. A second sample was requested from each cannery which
was delivered on April 4, 1994. The echinoderm test again marginally failed the controls and the
results of the study are presented for information. The bivalve study conducted concurrently with

the echinoderm bioassay passed the control criteria.

The reference toxicant for the echinoderm and bivalve larval bioassays was copper at test
concentrations of 0.56, 3.2, 10, 32, and 56 pg/L.

224 Citharichthys stigmaeus

The bioassays were carried out on juvenile Citharichthys stigmaeus, supplied by J. Brezina and
Associates in Dillon Beach, California. The animals were received at ABT on February 19, 1994.
The test conditions are summarized in Table 1. Five replicates of each concentration were tested
with ten juvenile fish per replicate. Water quality was monitored daily as initial quality on Day 0
and final water quality on Days 1-4. Parameters measured included dissolved oxygen, pH,

salinity, total ammonia, and temperature.
2.2.5  Mysidopsis bahia

The first bioassay was carried out on 7-10 day old larval Mysidopsis bahia, supplied by
J. Brezina and Associates in Dillon Beach, California. The animals were received at ABT on
February 19, 1994. The test conditions for this test are summarized in Table 2. The second test

was carried out on larval mysids supplied by Aquatox from Hot Springs, Arkansas. The animals
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were received at ABT on February 26, 1994. The test conditions for the second test are

summarized in Table 3.

Five replicates of each concentration were tested with ten larval mysids per replicate. Water
quality was monitored daily as initial quality on Day O and final water quality on Days [-4.

Parameters measured included dissolved oxygen, pH, salinity, total ammonia, and temperature.

2.2.6 Echinoderm Larval Development Test

The echinoderm larvae survival and development test followed draft ASTM methods (ASTM,
1994). Purple urchins, Strongylocentrotus purpuratus, were obtained from A. K. Siewers, Santa
Cruz, California. Adults were induced to spawn by intercoelomic injection of 0.5M KCI.
Released eggs were placed in individual containers of filtered seawater, and sperm was collected
dry and held on ice. Gametes were mixed and allowed to fertilize for up to two hours. Fertilized
eggs were then separated from sperm and debris by filtering the suspension at 20 um. Egg stock
density was estimated by counting an aliquot of dilute stock concentrate. Equal volumes of
concentrate were added to each replicate to an initial density of 15-30 embryos per mL. Initial
stocking density was confirmed by counting a 5 mL aliquot from at least three control replicates.

Testing was conducted at 16 + 2°C under a 14 hour light and 10 hour dark photoperiod.
Temperature, pH, dissolved oxygen, and salinity were recorded at 0, 24, 48 and 72 hours in water
quality replicates. Total ammonia was measured in the 1.2% sample at O and 48 hours. At the
end of the exposure period, a 5 mL sub-sample was taken from each test replicate and preserved
with buffered formalin. Sub-samples were counted in a Sedgwick-Rafter cell, and the total

number of normal and abnormal larvae were counted.
2.27  Mpytilus edulis Larval Survival and Development Test

The bivalve larvae survival and development test was run in parallel with the echinoderm using
the second set of effluents. The test followed methods in ASTM (1993). Bay mussels, Mytilus
edulis, were obtained from A. K. Siewers, Santa Cruz, California. Adults were induced to spawn
by heat shocking. Released gametes were placed in individual containers of filtered seawater and
examined for viability. Gametes were mixed and allowed to fertilize for up to two hours, under
gentle aeration. Fertilized eggs were then separated from sperm and debris by filtering the
suspension at 20 um. Egg stock density was estimated by counting an aliquot of dilute stock

concentrate. Equal volumes of concentrate were added to each replicate to an initial density of
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15-30 embryos per mL. Initial stocking density was confirmed by counting a 5 mL aliquot from

at least three control replicates.

Testing was conducted at 16 = 2°C under a 14 hour light and 10 hour dark photoperiod.
Temperature, pH, dissolved oxygen, and salinity were recorded at O and 48 hours; temperature
was also recorded at 24 hours. Total ammonia was measured in 1.2% sample at O and 48 hours.
At the end of the exposure period, a 5 mL sub-sample was taken from each test replicate and
preserved with buffered formalin. Sub-samples were counted in a Sedgwick-Rafter cell, and the

total number of normal and abnormal larvae were counted.

Dissolved oxygen levels of test solutions of HSW-2 fell below 60% saturation in both the bivalve
and echinoderm tests. Gentle aeration was started on Day 1, and continued for the duration of the
tests. To assess the effects of aeration, control replicates 4 and 5 were aerated beginning on
Day 1 for both the bivalve and echinoderm tests. No statistical differences were observed

between aerated and unaerated control replicates.
2.3  STATISTICAL ANALYSIS

At the conclusion of the test, the survival data were evaluated statistically using ToxCalc™ to
determine ECp, NOEC, and TU values where appropriate. ToxCalc™ is a comprehensive
statistical application that follows standard guidelines for acute and chronic toxicity data

analysis.

At the conclusion of the echinoderm tests, data were evaluated statistically to estimate the LC50
and IC50 values for the elutriate tests. The LC50 and IC50 values were estimated using the

Probit or the Linear Interpolation (Bootstrap) Method.

The LLC50 and the IC50 for the bivalve larvae copper reference toxicant test were both within
two standard deviations of the laboratory means of 26.3 ug/L and 8.9 pg/L, respectively,
indicating normal sensitivity of the test organisms. No laboratory means for the echinoderm

larvae copper reference toxicant test have yet been established.

Statistical effects can be measured by the ECp, the estimated concentration that causes any
effect, either lethal (LC) or sublethal (IC), on p% of the test population. The LCp is the point
estimate of the concentration at which a lethal effect is observed in p% of the test organisms.

ECp values include 95% confidence limits if available.
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The NOEC (No Observable Effect Concentration) is the highest tested concentration at which

mortality is not significantly different from the control.
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3.0
RESULTS

Water quality measurements were within the acceptable limits provided in EPA 1991.
Temperature was maintained at 20 + 2°C; pH remained relatively stable, and the salinity
increased slightly as would be expected in a static test. The dissolved oxygen did drop as
projected at approximately 1 hour after test initiation in all of the concentration even with
supplemental aeration therefore aeration was maintained in all chambers for the duration of the
test. Ammonia was measured in two replicates from each concentration daily and was a

potentially significant toxic component of the test for all concentrations.

3.1 Citharichthys stigmaeus

Ve
The LC50 for HSW-1 was 0.59%. Mortality in the effluent was rapid at the highest

concentrations, occurring in 2-4 hours. There was significant mortality at 3.0, 1.5, and 0.8%
concentrations compared to the control at 96 hours. The NOEC was 0.4% and the LOEC was
0.8%

The LC50 for HSW-2 was 0.27%. Mortality in the effluent was rapid at the highest
concentrations, generally occurring in 2-4 hours. There was significant mortality at 3, 1.5, 0.8
and 0.4% concentrations compared to the control at 96 hours. The NOEC was 0.2%, and the
LOEC was 0.4%.

The reference toxicant test required the use of the Trimmed Spearman-Karber method and
generated an LC50 of 4.34 mg/L, an NOEC of 3.1 mg/L, and an LOEC of 6.25 mg/L. This is the
first reference toxicant test on Citharichthys at this laboratory, therefore no database has been

established by this laboratory.
3.2 Moysidopsis bahia

The LC50 results for both HSW effluents in the initial tests were <0.4%. Based upon the fact that

no definitive LC50 could be calculated, the tests were rerun as described in the methods.

The LC50 for HSW-1 was 0.59%. Mortality in the 1.6% and 0.8% effluent was incomplete at 24
hours. At 96 hours, there was significant mortality at 1.6, 0.8, 0.4, and 0.1% concentrations
compared to the control. The NOEC was 0.05% and the LOEC was 0.1%.
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In the second test series the LC50 for HSW-2 was 0.12%. Mortality in the 1.6% and 0.8%
effluent was complete at 24 hours. There was significant mortality at 96 hours in the 1.6, 0.8, 0.4,
0.2 and 0.1% concentrations compared to the control. The NOEC was 0.05%, and the LOEC was
0.1%.

The reference toxicant test had an LC50 of 8.90 mg/L, with an NOEC of <1.25 mg/L and an
LOEC of 1.25 mg/L. This is the first reference toxicant test on Mysidopsis at this laboratory,

therefore no database has been established.
33 ECHINODERM LARVAL BIOASSAY

Control survival was marginal and unacceptable according to the protocol at 64.4% with 5.7%
abnormal development. Total survival was relatively high and equal to control survival in all
concentrations, however all of the embryos were abnormally developed at 0.15% to 1.2% in
HSW-1 and from 0.08% to 1.2% in HSW-2. The LC50 for both effluents was greater than 1.2%
however the IC50 was 0.1% for HSW-1 and <0.08% for HSW-2.

The reference toxicant analysis yielded an LC50 of 11.8 png/L and an IC50 of 10.1 pg/L. The use

of the echinoderm larval bioassay is still limited and no data is available for comparison.
34 BIVALVE LARVAL BIOASSAY

Control survival was acceptable at 98.1% with 6.3% abnormal development. Total survival was
relatively high in all concentrations, however all of the embryos were abnormally developed at
0.15% to 1.2% in HSW-1 and HSW-2. The LC50 for both effluents was greater than 1.2%
however the IC50s were <0.08% for both HSW-1 and HSW-2.

The LC50 and IC50 for the bivalve larvae copper reference toxicant test were both within two
standard deviations of the laboratory means of 26.3 ng/L. and 8.9 pg/L, respectively, indicating
normal sensitivity of the test organisms.

3.5 AMMONIA MEASUREMENTS

Ammonia in both of the HSW was very high. When measured in a 25% dilution in seawater,

ammonia levels ranged from 160 to 180 mg/L. If converted to the 100% concentration, the
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ammonia level would be above 640 mg/L. Tested concentrations in the Citharichthys bioassay
ranged from 0.08 to 0.17 mg/L in the lowest concentration (0.05%) to 3.44 to 9.65 mg/L in the
3.0% dilution. At each test concentration, HSW-2 generated the higher ammonia levels. The
toxicity of ammonia to sanddabs is well documented and the measured levels in the three highest
concentrations in HSW-2 and the two highest concentrations in HSW-1 were sufficient to cause
toxicity in the test animals in 24 hours. The mysid test results appear to indicate a slightly higher

tolerance to ammonia as has been shown in the literature.
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TABLE 1

Bioassay Procedure And Organism Data

For the Survival Bioassay

Using Citharichthys stigmaeus (U.S. EPA 1991)

Parameter

Test Species

Supplier

Collection location

Date Acquired
Acclimation Time
Acclimation Water
Acclimation Temperature

Age group

Sample Identification

Sample ID(s)

Date Sampled

Date Received at ABT
Volume Received

Sample Storage Conditions

Test Procedures

Type; Duration
Test Dates

Control Water
Test Temperature
Test Photoperiod
Initial Salinity
Test Chamber
Animals/Replicate
Exposure Volume
Replicates/Treatment
Feeding

Deviations from procedures

Data

Citharichthys stigmaeus
J. Brezina and Associates
Tomales Bay

2/19/94

24 hours

30 ppt seawater

15+2°C

Juveniles, 3-5cm TL

940219-1, -2
2/16/94
2/19/94

Ten gallons
4°C in the dark

96 hour static acute, renewal at 48 hours

2/19/94 to 2/23/94

Bodega Bay seawater

15+ 1°C

16L:8D

302 ppt

20 L polyethylene chamber
10 animals/replicate

5L

5

None

Due to aeration, salinity increased throughout test.

10
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TABLE 2

Bioassay Procedure And Organism Data

For the Survival Bioassay

Using Mysidopsis bahia (U.S. EPA 1991)

Parameter

Test Species

Data

Mpysidopsis bahia

Supplier J. Brezina and Associates
Date Acquired 2/19/94
Acclimation Time overnight
Acclimation Water Shipping water
Acclimation Temperature 20+ 2°C
Age group larvae

Sample Identification
Sample ID(s) 940219-1, -2
Date Sampled 2/16/94
Date Received at ABT 2/19/94
Volume Received Ten gallons
Sample Storage Conditions 4°C in the dark

Test Procedures

Type; Duration Acute; static; renewal at 48 hours

Test Dates 2/19/94 to 2/23/94

Control Water Bodega Bay seawater

Test Temperature 20x2°C

Test Photoperiod 14L:10D

Initial Salinity 25 ppt

Test Chamber 1000 mL jars
Animals/Replicate 10 animal/replicate

Exposure Volume 500 mL

Replicates/Treatment 5

Feeding Brine shrimp (24 hr old nauplii)

Deviations from procedures Due to aeration, salinity increased throughout test

11
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TABLE 3

Bioassay Procedure And Organism Data

For the Survival Bioassay

Using Mysidopsis bahia (U.S. EPA 1991)

Parameter

Test Species

Supplier

Date Acquired
Acclimation Time
Acclimation Water
Acclimation Temperature

Age group

Sample Identification

Sample ID(s)

Date Sampled

Date Received at ABT
Volume Received

Sample Storage Conditions

Test Procedures

Type; Duration
Test Dates
Control Water

Test Temperature

Data

Mysidopsis bahia
Aquatox

2/26/94
Overnight
Shipping water
20£2°C

larvae

940219-1, -2
2/16/94
2/19/94

Ten gallons
4°C in the dark

Acute; static; renewal at 48 hours

2/27/94 to 3/2/94
Bodega Bay seawater
20+ 2°C

Test Photoperiod 14L:10D

Initial Salinity 25 ppt

Test Chamber 1000 mL jars
Animals/Replicate 10 animal/replicate

Exposure Volume 500 mL

Replicates/Treatment 5

Feeding Brine shrimp (24 hr old nauplii)

Deviations from procedures Due to aeration, salinity increased throughout test

12
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TABLE 4

Bioassay Procedure And Organism Data

For The Bioassay Using Larvae of
Strongylocentrotus purpuratus (modified ASTM 1994)

Parameter

Test Species
Supplier

Date Acquired
Acclimation Time
Acclimation Water
Acclimation Temperature
Age group

Sample Identification
Sample ID(s)
Date Sampled
Date Received at ABT

Volume Received

Sample Storage Conditions
Test Procedures

Type; Duration
Test Dates
Control Water

Test Temperature
Test Photoperiod
Salinity

Test Chamber
Animals/Replicate
Exposure Volume
Replicates/Treatment
Feeding

Deviations from procedures

Data

Strongylocentrotus purpuratus
A.K. Siewers, Santa Cruz, CA
477194

None

Not applicable

Not applicable

Fertilized embryos, 2 hours

940404-3, -4
3/30/94

4/4/94

Two liters

4°C in the dark

Acute/static; 96 hours
4/7/94 to 4/11/94

San Francisco Bay seawater, 0.45 um filtered and

uv-sterilized

16 £2°C
14L:10D
302 ppt

125 mL beakers

Approximately 30 embryos per mL

100 mL
5

None

Chambers were gently aerated with low bubble

aeration

13
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TABLE 5

Bioassay Procedure And Organism Data
For The 48 Hour Bioassay
Using Larvae of Mytilus edulis (ASTM 1993)

Parameter Data

Test Species Mytilus edulis

Supplier A.K. Siewers, Santa Cruz, CA

Date Acquired 477194

Acclimation Time None

Acclimation Water Not applicable

Acclimation Temperature Not applicable

Age group Fertilized embryos, 2 hours
Sample Identification

Sample ID(s) 940404-3,-4

Date Sampled 3/30/94

Date Received at ABT 4/4/94

Volume Received Two liters

Sample Storage Conditions 4°C in the dark
Test Procedures

Type; Duration Acute; static; 48 hours

Test Dates 4/7/94 to 4/9/94

Control Water San Francisco Bay seawater, 0.45 pm filtered and

uv-sterilized

Test Temperature 16 +£2°C

Test Photoperiod 14L:10D

Salinity 30+ 2 ppt

Test Chamber 125 mL beakers

Animals/Replicate Approximately 30 embryos per mL

Exposure Volume 100 mL

Replicates/Treatment 3

Feeding None

Deviations from procedures Chambers were gently aerated with low bubble
aeration

14
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TABLE 6

SUMMARY OF RESULTS
FOR THE HIGH STRENGTH WASTE BIOASSAYS

Species Test Endpoint HSW-1 HSW-2
Citharichthys stigmaeus 96 hr static LC50 0.59% 0.27%
Mysidopsis bahia 96 hr static LC50 0.59% 0.12%
Strongylocentrotus purpuratus 96 hr static LC50 >1.2% >1.2%

IC50 0.10% <0.08%
Mytilus edulis 48 hr static LC50 >1.2% >1.2%

IC50 <0.08% <0.08%
Note:

HSW-1: Van Camp
HSW-2: Starkist

15
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TABLE 7

SUMMARY OF RESULTS FOR THE REFERENCE TOXICANT (S.D.S.) TEST

Citharichthys stigmaeus

Concentration %o ECp NOEC LOEC
(mg/L) Survival (mg/L) (mg/L) (mg/L)
Control 933 EC50 4.3449 3.1 6.25
1.6 80.0
31 100.0
6.2 0.0
12.5 0.0
25 0.0
Mysidopsis bahia
Concentration %0 ECp NOEC LOEC
(mg/L) Survival (mg/L) (mg/L) (mg/L)
Control 90.0 EC50 8.90(3.04-69.22) <1.25 1.25
1.25 70.0
2.5 56.7
5 46.7
10 46.7
20 36.7
* Statistically significant.
ICp/L.Cp: Inhibition/Lethal Concentration for p% of the organisms.
NOEC: No Observable Effect Concentration.
TU: 100%/NOEC.
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APPENDIX TABLE 1

SAMPLE WATER QUALITY

Total Initial

pH DO NH3 Salinity

Date Day Sample (units) (mg/L) (mg/L) (ppt)
4/7/94 0 HSW-1, 1.2% 7.62 8.0 62.5 26
0 HSW-2, 1.2% 6.87 7.9 51.6 26
4/9/94 2 HSW-1, 1.2% - - 26.4 -
2 HSW-2, 1.2% - - 41.2 -
4/11/94 4 HSW-1, 1.2% - - 33.5 -
4 HSW-2, 1.2% - - 41.9 -



APPENDIX TABLE 2

Citharichthys stigmaeus
WATER QUALITY MEASUREMENTS FOR EFFLUENT TEST
HSW-1
Concentration Day 0 Day 1 Day 2 Day 3 Day 4

(%) Rep pH DO NH3 °C Sal pH DO NH3 °C 8al pH DO NH3 °C  Sal pH DO NH3 °C _ Sal pH DO NH3 °C Sal
Control 1 802 62 002 140 320 807 55 001 132 315 808 55 13.8 329 803 6.0 140 350 806 6.1 002 144 360
2 8.11 58 137 310 813 56 012 142 317 812 6.0 143 33.0 813 6.1 150 330

3 8.10 6.0 138 309 812 57 142 318 811 6.0 144 320 812 58 152 330

4 8.10 6.0 132 316 813 57 136 33.1 8.11 6.0 <0.10 139 350 813 356 146 360

5 8.10 6.0 133 317 812 56 139 333 812 60 140 340 813 58 147 370

0.05 1 800 63 0.19 140 322 804 6.0 008 135 338 807 56 139 362 807 6.0 140 380 807 58 0.10 148 400
2 8.03 6.0 13.6 338 807 55 005 139 364 804 60 14.1 380 806 56 14.7 400

3 805 6.0 13.5 327 810 55 14.1 336 8.08 6.0 142 350 8.10 56 146 350

4 801 60 135 323 807 56 141 334 806 60 <0.10 142 340 804 538 147 350

5 805 5.9 136 331 809 56 141 341 809 6.0 142 350 810 58 149 360

01 1 801 62 025 140 321 806 60 013 135 318 812 56 139 326 811 6.0 141 340 813 58 012 149 340
2 8.03 59 13.8 317 810 57 008 142 326 810 6.0 144 330 810 58 149 340

3 801 58 133 328 808 57 13.8 348 806 59 140 370 806 5.6 144 390

4 804 59 138 326 812 58 145 339 811 60 <0.10 146 350 8.11 57 149 36.0

02 1 801 6.0 054 140 321 804 57 020 142 300 814 59 144 311 813 6.0 143 320 813 6.0 017 149 340
2 801 58 141 299 814 58 0.17 145 305 816 6.0 146 310 816 59 149 320

3 798 58 139 298 812 58 142 303 813 59 149 31.0 814 59 150 320

4 8.02 58 139 298 815 58 142 305 815 63 NT 149 310 816 538 150 320

5 803 58 138 298 813 58 142 305 815 63 149 310 817 58 150 320

04 1 793 6.1 089 140 320 795 54 033 137 301 812 54 142 308 814 63 143 320 817 58 03! 150 320
2 798 5.6 144 302 813 58 025 148 3I.1 8.17 63 149 320 818 58 147 33.0

3 800 59 144 302 815 57 143 316 818 63 146 330 806 58 14.6 340

4 776 46 140 299 806 538 145 303 809 62 0.17 147 310 811 58 146 360

5 793 52 135 304 811 56 140 314 813 62 140 320 819 56 143 340

0.8 1 768 6.1 201 140 320 7389 52 064 137 308 815 56 141 317 815 6.2 142 330 810 58 051 147 330
3 7.82 5.1 13.1 312 809 356 040 137 326 806 63 13.90 340 810 58 14.20 36.0

4 795 54 4.1 308 816 55 145 320 817 64 048 143 340 818 58 144 350

5 788 54 132 315 813 57 145 327 816 63 145 340 821 538 143 350

1.5 1 751 60 356 140 322 783 52 143 133 322 _ - = = = - = - = = - - - = =
2 776 438 13.5 317 - = = = - _ = = = = - = = = —

3 775 5.0 129 323 — _ — - - — — — —_— — — — — —_ —

4 776 52 129 322 _ = = = = _ - = = = —_ = = = =

5 776 5.1 129 323 - = = = - _ = - = — - - = = =

30 1 723 59 111 140 321 785 56 344 136 337 - = = = - _ = = = = — - - = =
2 774 46 13.9 333 _ = = = = _ - = = = _ = - = =

3 781 5.0 139 3338 - = = = = - = - = = - = - = -

4 775 47 14.1 336 - = = = = - - = = = —_— = = = —

5 781 50 19.2 337 - = = = = _ = - = = —_ - = = =

Min 723 59 002 140 320 774 46 001 129 298 806 54 005 136 303 803 59 <010 139 310 804 56 002 142 320
Max 802 63 111 140 322 811 60 344 192 338 8.16 59 040 148 364 818 64 048 149 380 821 61 051 152 400

Note: — = All animals dead.

NT = Not taken.

0.1 replicate 5 not stocked.
0.8 replicate 2 lost due to lab error.



APPENDIX TABLE 2 (Cont'd)

Citharichthys stigmaeus
WATER QUALITY MEASUREMENTS FOR EFFLUENT TEST
HSW-2
Concentration Day 0 Day 1 Day 2 Day 3 Day 4

(%) Rep pH DO NH3 °C Sal pH DO NH3 °C_ Sal pH_ DO NH3 °C Sal pH DO NH3 °C Sal pH DO NH3 °C Sal
Control 1 802 62 002 140 320 808 55 001 132 315 802 55 138 329 803 6.0 140 350 806 6.1 002 144 360
2 811 58 137 310 813 56 0.2 142 317 812 6.0 143 330 813 6.1 150 330

3 8.10 6.0 138 309 812 57 142 318 811 60 144 320 812 58 152 330

4 8.10 6.0 132 316 813 57 136 33.1 811 60 <0.10 139 350 813 356 146 360

5 8.10 6.0 133 317 812 56 139 333 812 60 140 340 813 58 147 370

0.05 1 789 6.1 032 140 320 798 60 135 362 802 56 139 4L1 802 64 140 380 803 52 013 144 400
2 803 62 0.17 145 340 811 56 012 150 354 813 64 152 380 815 5.6 152 40.0

3 801 6.0 136 337 8.05 5.7 141 349 8.10 63 144 36.0 8.10 56 142 370

4 802 6.0 133 345 804 S8 137 369 807 63 <010 139 380 806 56 14.0 40.0

5 801 6.0 13.3 345 804 56 138 365 805 63 140 380 806 56 140 40.0

0.1 1 796 60 056 140 322 8.02 6.1 133 350 803 54 137 378 804 62 13.9 400 806 58 0.12 139 400
2 803 61 024 142 336 809 55 0.3 149 345 811 63 149 350 813 S8 146 36.0

3 802 60 13.8 342 805 57 142 36.1 8.06 63 144 380 808 58 143 400

4 802 59 143 335 807 55 149 342 809 63 <010 150 350 811 58 147 36.0

5 8.04 6.1 132 336 807 56 148 344 811 63 140 350 813 58 139 36.0

02 1 7.87 6.1 132 140 320 803 60 132 335 811 56 139 343 812 63 14.1 350 815 58 020 138 360
2 802 60 053 132 336 810 57 020 139 346 812 63 141 350 814 58 137 370

3 803 6.0 135 335 810 58 14.1 34.1 813 63 143 350 815 58 139 360

4 801 6.0 135 337 809 58 140 348 812 63 022 143 360 814 58 139 370

5 802 6.0 13.8 338 810 5.7 142 348 804 6.3 143 350 815 58 142 36.0

04 1 766 60 300 140 321 795 58 13.2 351 799 54 13.8 382 808 63 139 41.0 805 58 030 137 400
2 797 58 086 132 345 806 53 032 139 363 810 63 14.1 380 808 58 13.7 410

3 799 60 145 337 - = - - — - - = = = e

4 799 59 144 335 789 51 150 34.1 - - = = = - - = = =

5 799 59 144 336 804 54 148 345 813 63 023 149 350 815 58 152 360

0.8 1 735 60 634 140 320 788 54 13.5 352 — = - = = - = = = = - - - = =
2 793 57 195 141 337 - = = = = _ = = = = — = - = =

3 791 5.7 13.9 337 - = = = - _— = = = — - = - - =

4 793 57 139 337 —- = - = — - = = = = _ - = = —

5 792 58 14.2 339 - = = = - —_ = = e = — = - = =

1.5 2 7.00 59 146 140 320 784 55 14.1 335 - = = = — — = = = = - = = = =
3 780 54 423 142 332 - = = = = —_— = = = e —- = = = =

4 785 54 13.9 335 — - = = — - - - = = — = = = =

5 785 54 139 334 - = = = - - = = = = _— - = = —

30 1 6.81 57 285 140 320 789 57 139 335 - = = = = —_ = e e e _ = = = —
2 78 59 965 138 335 - = = = - — = = = - —_ = = - —

3 788 59 13.6 333 _ = = = = - = = = = —_ - = = =

4 781 58 13.0 34.0 — - = = = — — — —_ — — — — —_ =

5 781 58 129 341 _— = = = = - = = = = — - = = =

Min 6.81 57 002 140 320 780 54 017 129 309 7.8 51 012 136 317 802 6.0 <010 139 320 803 52 0.2 137 330
Max 802 62 2850 140 322 811 62 965 145 362 813 58 032 150 411 813 64 023 152 410 815 61 030 152 410

Note:

— = All animals dead.



APPENDIX TABLE 3

Citharichthys stigmaeus
SURVIVAL DATA FOR EFFLUENT TEST
HSW-1
Average
Concentration Initial %o o

(%) Rep Added Dayl Day2 Day3 Day4  Survival Survival

Control 1 10 10 10 10 10 100
2 10 10 10 10 10 100
3 10 10 10 10 10 100
4 10 10 10 10 10 100

5 10 10 10 10 10 100 100.0
005 1 10 10 10 10 10 100
2 10 10 9 9 9 90
3 10 10 10 10 10 100
4 10 10 10 10 10 100

5 10 10 10 10 10 100 98.0
0.1 1 10 10 10 10 10 100
2 10 10 10 10 10 100
3 10 10 10 10 9 90

4 10 10 10 10 10 100 97.5
02 1 10 10 10 10 10 100
2 10 10 10 10 10 100
3 10 10 10 10 10 100
4 10 10 10 10 10 100

5 10 10 10 9 9 90 98.0
04 1 10 10 10 10 10 100
2 10 7 6 6 6 60
3 10 10 8 8 8 80
4 10 9 9 9 9 90

5 10 10 9 9 9 90 84.0
08 1 10 5 3 3 1 10
3 10 10 9 9 9 90
4 10 9 1 1 0 0

5 10 5 5 3 3 30 325
15 1 10 0 — —_ — 0
2 10 0 — — — 0
3 10 0 — — — 0
4 10 0 — — — 0

5 10 0 — — —_— 0 0.0
30 1 10 0 — — — 0
2 10 0 — — — 0
3 10 0 — — — 0
4 10 0 —_ — — 0

5 10 0 — — — 0 0.0

Notes: — = All animals dead.



APPENDIX TABLE 3 (Cont'd)

Citharichthys stigmaeus
SURVIVAL DATA FOR EFFLUENT TEST
HSW-2
Average
Concentration Initial % To
(%) Rep Added Dayl Day2 Day3 Dayd4  Survival Survival
Control 1 10 10 10 10 10 100
2 10 10 10 10 10 100
3 10 10 10 10 10 100
4 10 10 10 10 10 100
5 10 10 10 10 10 100 100.0
005 1 10 10 10 10 9 90
2 10 10 10 10 9 90
3 10 10 10 10 10 100
4 10 10 10 10 9 90
5 10 10 10 10 10 100 94.0
01 1 10 10 10 9 9 90
2 10 10 10 10 10 100
3 10 10 10 10 10 100
4 10 10 10 10 10 100
5 10 10 10 10 10 100 98.0
02 1 10 10 10 10 10 100
2 10 10 10 10 10 100
3 10 10 10 10 10 100
4 10 10 9 9 9 90
5 10 10 9 9 9 90 96.0
04 1 10 4 3 2 2 20
2 10 4 3 3 2 20
3 10 0 — — — 0
4 10 3 0 — — 0
5 10 3 3 3 3 30 14.0
08 1 10 0 — — - 0
2 10 0 — — e 0
3 10 0 — — — 0
4 10 0 — en — 0
5 10 0 e — — 0 0.0
15 2 10 0 e — — 0
3 10 0 — — — 0
4 10 0 — — — 0
5 10 0 — — — 0 0.0
31 10 0 — —_ — 0
2 10 0 — — — 0
3 10 0 — — — 0
4 10 0 — — — 0
5 10 0 — — — 0 0.0

Notes:

— = All animals dead.



Citharichthys stigmaeus

APPENDIX TABLE 4

WATER QUALITY MEASUREMENTS
FOR REFERENCE TOXICANT (S.D.S) TEST

Concentration Day 0 Day 1
(mg/LL) Rep pH DO °C  Sal pH DO °C Sal
Control 1 802 58 159 32 720 57 152 31
2 731 50 151 31
3 731 47 151 31
1.6 1 803 58 159 32 749 47 151 31
2 752 42 151 31
3 751 41 152 31
31 1 803 58 159 32 749 40 151 31
2 743 40 152 30
3 7.51 39 151 31
625 1 803 58 159 32 749 4.1 151 31
2 748 4.1 151 30
3 747 40 151 31
125 1 804 58 159 32 740 39 151 31
2 744 37 151 31
3 7.51 37 151 31
25 1 803 57 159 32 744 3.0 151 31
2 742 3.1 15.1 31
3 736 32 150 31
Min 802 57 159 32 720 3.0 150 30
Max 804 58 159 32 752 57 152 31



APPENDIX TABLE 5

Citharichthys stigmaeus
SURVIVAL DATA
FOR REFERENCE TOXICANT (S.D.S.) TEST

Average

Concentration Initial % Yo
(mg/L) Rep Added Dayl Survival Survival

Control 1 5 4 80
2 5 5 100

3 5 5 100 93.3
16 1 5 2 40
5 5 100

3 5 5 100 80.0
31 1 5 5 100
5 5 100

3 5 5 100 100.0
625 1 5 0 0
2 5 0 0

3 5 0 0 0.0
125 1 5 0 0
2 5 0 0

3 5 0 0 0.0
25 1 5 0 0
5 0 0



APPENDIX TABLE 6

Mysidopsis bahia
WATER QUALITY MEASUREMENTS FOR EFFLUENT TEST
HSW-1
Concentration Day 0 Day 1 Day 2 Day 3 Day 4

(%) Rep pH DO NH3 °C_ Sal pH DO NH3 °C Sal pH DO NH3 °C  Sal pH DO NH3 °C Sal pH DO NH3 °C Sal
Control 1 8.06 54 18.0 320 814 52 <001 196 320 811 5.1 198 330 811 46 <0.10 21.7 339 8.08 49 <0.10 21.1 34.1
2 813 52 199 320 808 52 20.1 33.0 807 46 216 336 807 5.1 21.1 341

3 816 5.1 197 320 812 54 202 336 811 45 21.6 347 8.09 5.1 21.1 340

4 8.16 5.2 197 320 812 54 202 333 8.14 45 21.6 339 812 50 210 338

5 815 52 19.7 320 811 55 20.2 331 8.11 45 215 340 810 49 21.0 341

0.05 1 808 54 013 180 320 814 52 012 198 320 8.13 54 014 201 336 813 45 013 217 3438 812 50 013 209 341
2 815 352 198 320 814 56 202 327 815 44 216 336 813 50 211 341

3 813 52 19.6 320 811 56 20.2 328 8.13 45 216 336 8.14 5.1 21.1 343

4 810 5.0 196 320 811 56 20.1 323 8.12 4.5 214 3238 8.12 5.1 20.0 342

5 8.04 5.1 19.5 320 808 55 20.1 324 806 45 213 333 810 50 20.0 340

01 1 806 54 025 180 320 802 50 0.19 196 320 809 54 029 202 33.1 806 4.6 023 217 339 812 50 024 210 351
2 792 50 19.6 32.0 803 54 20.1 33.1 802 44 215 341 8.10 5.1 21.0 350

3 799 49 195 320 810 53 199 33.0 813 44 213 350 8.13 49 209 35.1

4 8.00 5.0 194 320 810 53 19.9 333 810 45 212 347 810 50 209 35.1

5 802 5.0 193 320 810 53 199 335 8.16 4.6 21.1 354 8.09 50 209 357

02 1 804 52 061! 180 320 791 50 038 196 320 8.11 54 038 200 326 814 48 041 215 342 8.18 49 052 210 348
2 775 44 19.1 320 8.07 54 19.6 36.0 805 46 209 41.1 821 5.0 21.0 412

3 758 3.3 190 320 804 55 195 352 8.04 45 207 38 820 5.0 211 387

4 776 42 189 320 806 55 19.6 35.6 805 4.5 209 383 8.17 5.1 210 389

5 781 44 19.0 320 807 54 19.5 350 811 45 209 359 817 51 21.0 362

04 1 802 52 1.17 180 320 7.83 42 071 195 320 816 54 074 199 329 820 46 0.82 214 340 821 51 109 209 348
2 7.87 46 19.5 320 818 54 199 329 820 4.6 210 337 8.18 52 209 340

3 773 38 195 320 819 52 19.9 330 820 4.6 21.2 3338 819 5.1 209 339

4 779 4.8 194 320 817 5.1 199 329 8.15 45 212 335 821 5.1 20.8 339

5 791 44 194 320 819 5.1 19.9 33.0 820 45 21.0 336 821 5.1 208 339

08 1 792 53 362 199 320 762 38 152 195 320 822 53 138 199 332 823 46 142 213 339 822 5.1 153 210 341
2 770 34 19.5 320 821 52 199 324 821 45 21.2 335 822 50 21.1 342

3 761 34 194 320 819 5.1 19.9 332 8.19 44 21.1 340 821 50 21.0 347

4 782 38 194 320 822 350 19.9 329 823 44 21.2 340 827 5.1 21.0 347

5 759 3.0 19.4 320 824 50 19.9 33.0 823 44 21.2 340 824 S50 21.0 342

1.6 1 788 52 7.4 202 320 761 14 327 196 320 825 52 345 201 327 823 46 327 213 338 828 49 312 211 341
2 767 1.8 194 320 825 5. 199 329 822 45 211 337 824 49 211 342

3 768 1.8 186 320 815 50 19.5 344 — e —_ = - - =

4 751 04 19.1 320 824 50 196 324 — = e = - —_ - - = =

5 770 24 189 320 819 50 194 36.1 812 45 20.6 408 831 50 209 339

Min 788 52 013 180 320 751 04 <001 186 320 803 S50 0.14 194 323 8.02 44 <0.10 20.6 328 8.07 49 <0.10 200 3338
Max 808 54 714 202 320 816 52 327 199 320 825 56 345 202 36.1 823 48 327 217 411 831 52 312 211 412

Note:

— = All animals dead.



APPENDIX TABLE 6 (Cont'd)

Mysidopsis bahia
WATER QUALITY MEASUREMENTS FOR EFFLUENT TEST
HSW-2
Concentration Day 0 Day 1 Day 2 Day 3 Day 4

(%) Rep pH DO NH3 °C Sal pH DO NH3 °C Sal pH DO NH3 °C Sal pH DO NH3 °C Sal pH DO NH3 °C Sal
Control 1 8.06 54 18.0 320 8.14 52 <0.01 196 320 811 5.1 19.8 33.0 811 46 <0.10 217 339 8.08 49 <010 21.1 34.1
2 8.13 52 199 320 8.08 52 20.1 330 8.07 46 21.6 336 8.07 5.1 21.1 341

3 8.16 5.1 19.7 320 812 54 20.2 336 8.11 45 21.6 347 8.09 5.1 21.1 340

4 8.16 5.2 19.7 320 812 54 20.2 333 8.14 45 216 339 8.12 50 210 338

5 8.15 52 19.7 320 811 55 20.2 331 8.11 45 21.5 340 8.10 49 210 34.1

005 1 8.04 52 0.3 199 320 800 50 O.11 192 320 811 49 0.12 199 327 8.12 46 0.12 211 336 8.18 50 0.11 210 34.1
2 797 48 19.1 320 809 49 19.6 33.0 8.08 45 209 337 8.19 5.1 21.1 342

3 796 438 189 320 807 48 194 340 8.06 44 20.6 347 8.22 5.1 21.1 34.1

4 796 438 18.6 320 8.08 438 192 342 805 44 204 358 821 5.1 211 341

5 803 49 186 320 8.09 438 193 344 804 45 204 366 8.19 50 21.0 342

01 1 805 52 025 196 320 800 50 0.18 19.1 320 812 49 0.16 196 347 8.15 44 0.17 209 360 8.19 50 017 210 363
2 797 S50 19.1 320 8.15 50 19.6 34.6 8.15 4.5 20.7 337 8.20 50 21.1 364

3 8.01 5.0 189 320 8.15 49 19.4 354 8.15 4.6 20.5 347 8.16 5.0 21.1 347

4 797 49 18.8 320 815 49 194 352 8.14 44 20.3 36.0 8.17 5.0 21.1 352

5 8.07 49 187 320 817 5.0 19.3 346 8.18 44 20.2 390 8.19 50 21.1 397

02 1 796 52 061 20.1 320 774 44 057 190 320 816 S50 030 187 31.8 8.14 44 032 194 325 821 50 039 21.1 334
2 778 4.6 19.1 320 8.5 49 18.7 325 813 45 194 328 8.09 5.1 210 342

3 7.81 45 189 320 8.14 5.0 186 324 8.15 44 19.2 329 8.21 49 21.0 341

4 7.85 4.6 188 320 8.16 50 184 324 8.16 44 19.1 337 823 49 21.0 341

5 7.81 46 18.6 320 8.5 50 184 337 8.15 45 19.1 35.1 8.16 5.1 21.1 342

04 1 792 52 117 202 320 776 36 108 19.1 310 815 50 1.10 189 315 819 46 120 195 324 823 51 116 211 337
2 775 36 19.1 320 8.16 S50 18.6 339 8.14 45 19.5 359 8.18 5.1 21.1 362

3 759 1.8 18.7 320 8.14 50 184 34.1 8.10 44 19.2 365 8.19 5.1 21.1 370

4 773 34 186 320 816 50 18.4 33.7 8.14 43 19.2 35.1 8.19 5.0 21.1 36.1

5 7.80 3.6 18,6 320 816 50 18.5 33.8 8.16 4.3 19.2 356 822 50 21.1 36.1

08 1 779 52 362 202 320 752 12 217 19.0 320 _ - - = - — - — —_ = — — — — =
2 761 1.8 19.0 32.0 _ = = = — — - — —_ = — — - = =

3 754 22 189 320 _ = = = — — — — - — — — — — -

4 771 22 18.9 320 —_— - = - - — — - — — — — — —_ =

5 7.66 2.6 189 32.0 — - = = = — —_- - —_ — — —_ - — =

1.6 1 767 50 7.14 200 320 758 2.8 443 19.0 320 — - = = = — —_ — _— — — — —_ =
2 739 26 18.9 32.0 _— - = = - — — — —_ = — — — — -

3 746 14 189 320 —_ - = = — e - — e — — — _ -

4 738 16 189 32.0 — —_— - - — — — — — = — — — —_ =

5 749 16 18.9 32.0 — _ = = — — - — —_ — - — — — -

Min 767 S0 0.13 180 320 738 12 <0.01 186 31.0 807 48 0.12 184 315 8.04 43 <0.10 19.1 324 807 49 <0.10 21.0 334
Max 806 54 7.4 202 320 8.16 52 443 199 320 817 55 1.10 202 354 819 46 120 217 390 823 51 L16 211 397

Note:

— = All animals dead.



APPENDIX TABLE 7

Mysidopsis bahia
SURVIVAL DATA FOR EFFLUENT TEST
HSW-1
Average
Concentration Initial % %
(%) Rep Added Dayl Day2 Day3d Day4 Survival Survival
Control 1 10 10 10 9 10 100
2 10 10 10 10 9 90
3 10 10 10 9 9 90
4 10 10 10 10 9 90
5 10 10 10 10 9 90 92.0
005 1 10 9 9 9 9 90
2 10 10 10 9 8 80
3 10 10 8 8 7 70
4 10 9 7 7 6 60
5 10 10 9 8 9 90 78.0
01 1 10 6 5 2 6 60
2 10 10 9 5 8 80
3 10 8 8 7 6 60
4 10 8 6 7 8 80
5 10 8 8 6 60 68.0
02 1 10 9 8 4 7 70
2 10 8 7 5 7 70
3 10 9 7 7 8 80
4 10 9 8 7 8 80
5 10 10 9 8 8 80 76.0
04 1 10 8 7 5 6 60
2 10 8 7 6 6 60
3 10 8 8 6 6 60
4 10 8 7 7 8 80
5 10 10 9 8 7 70 66.0
08 1 10 5 * * 3 30
2 10 4 * * 3 30
3 10 6 * * 3 30
4 10 4 * * 3 30
5 10 3 * * 0 0 24.0
16 1 10 3 * * 0 0
2 10 2 * * 0 0
3 10 0 — — — 0
4 10 0 — — — 0
5 10 1 * * 0 0 0.0
Notes: — = All animals dead.

* Sample too turbid to do counts.



APPENDIX TABLE 7 (Cont'd)

Mysidopsis bahia
SURVIVAL DATA FOR EFFLUENT TEST
HSW-2
Average
Concentration Initial Yo %o
(%) Rep Added Dayl Day2 Day3 Day4 Survival Survival
Control 1 10 10 10 9 10 100
2 10 10 10 10 9 90
3 10 10 10 9 9 90
4 10 10 10 10 9 90
5 10 10 10 10 9 90 92.0
0.05 1 10 10 10 10 9 90
2 10 9 9 8 6 60
3 10 10 9 8 7 70
4 10 8 8 8 5 50
5 10 9 8 8 6 60 66.0
01 1 10 7 7 7 6 60
2 10 8 7 5 4 40
3 10 7 6 4 7 70
4 10 8 7 4 4 40
5 10 7 7 6 3 30 48.0
02 1 10 6 4 2 2 20
2 10 5 5 4 2 20
3 10 6 6 3 S 50
4 10 6 6 4 6 60
5 10 5 4 2 4 40 38.0
04 1 10 5 * * 1 10
2 10 3 * * 2 20
3 10 4 * * 1 10
4 10 3 * * 0 0
5 10 3 * * 0 0 8.0
08 1 10 0 — — — 0
2 10 0 — — — 0
3 10 0 — — —_ 0
4 10 0 — — — 0
5 10 0 — — — 0 0.0
1.6 1 10 0 — — — 0
2 10 0 — — — 0
3 10 0 — — — 0
4 10 0 — — — 0
5 10 0 —_ — — 0 0.0
Notes: — = All animals dead.

* Sample too turbid to do counts.



APPENDIX TABLE 8

Mysidopsis bahia
WATER QUALITY MEASUREMENTS
FOR REFERENCE TOXICANT (S.D.S) TEST

Concentration Day 0 Day 1 Day 2 Day 3 Day 4
(mg/L) Rep pH DO °C Sal pH DO °C Sal pH DO °C Sal pH DO °C Sal pH DO °C Sal
Control 1 803 56 209 320 800 48 212 320 7.67 54 216 330 790 38 216 339 793 41 211 340
2 802 48 212 320 772 54 215 330 791 37 216 309 794 40 21.1 341
3 803 48 213 320 770 53 216 330 790 38 21.8 338 794 40 21.1 342
125 1 8.04 54 209 320 8.00 48 213 320 758 52 216 330 790 36 218 338 794 4.0 209 341
2 802 48 212 320 754 51 216 330 793 35 218 337 793 40 210 343
3 803 48 212 320 738 51 216 330 795 35 217 338 795 39 210 347
25 1 804 54 209 320 801 48 213 320 762 51 216 330 796 3.6 218 338 799 39 209 34.1
2 802 48 211 320 742 51 216 330 793 36 218 336 792 38 209 340
3 802 46 211 320 747 50 216 330 793 36 217 339 791 38 21.0 339
51 804 54 21.1 320 800 48 21.1 320 732 47 216 330 798 37 21.8 33.1 792 38 210 338
2 800 47 211 320 738 48 216 330 792 35 21.8 330 792 39 210 337
3 798 47 211 320 731 46 215 330 792 35 218 339 791 39 210 339
10 1 803 54 212 320 791 46 212 320 730 4.1 215 330 786 36 219 337 789 39 209 340
2 791 45 212 320 731 42 215 330 788 36 219 338 789 39 209 339
3 791 43 212 320 731 42 216 330 787 36 220 336 791 39 210 34.1
20 1 802 53 208 320 785 44 209 320 720 40 216 330 778 37 218 334 790 39 21.0 339
2 785 44 209 320 721 40 216 330 775 38 218 334 783 3.8 210 334
3 786 42 209 320 721 40 215 330 778 38 218 332 788 39 210 339
Min 8.02 53 208 320 785 42 209 320 720 40 215 330 775 35 216 309 788 3.8 209 334
Max 804 56 212 320 803 48 213 320 772 54 216 330 798 38 220 339 799 41 211 347



APPENDIX TABLE 9

Mysidopsis bahia
SURVIVAL DATA FOR REFERENCE TOXICANT (S.D.S.) TEST

Average

Concentration Initial %o Y
(mg/L) Rep Added Dayl Day2 Day3 Day4 Survival Survival

Control 1 10 10 10 9 9 90
2 10 10 10 10 9 90

3 10 10 10 9 9 90 90.0
125 1 10 9 9 8 7 70
2 10 10 9 6 6 60

3 10 9 8 8 8 80 70.0
25 1 10 9 8 6 5 50
2 10 10 8 6 6 60

3 10 10 8 6 6 60 56.7
5 1 10 11 9 5 5 50
2 10 9 7 5 4 40

3 10 10 9 7 5 50 46.7
10 1 10 10 9 7 5 50
2 10 9 9 4 4 40

3 10 9 7 5 5 50 46.7
20 1 10 7 5 3 2 20
10 10 8 7 5 50

3 10 10 8 5 4 40 36.7



APPENDIX TABLE 10

Strongylocentrotus purpuratus
WATER QUALITY MEASUREMENTS FOR THE EFFLUENT TEST
Test Dates: 4/7-4/11/94

Concentration Day 0 Day 1 Day 2 Day 3 Day 4
Site (%) °C_ DO pH Sal °C__ DO pH Sal °C DO pH  Sal °C DO pH Sal °C DO pH Sal
Control 163 80 749 26 151 87 177 27 16.2 8.4 787 26 15.4 8.4 7.79 26 157 8.2 7.89 27
HSW-1 0.08 160 81 742 26 145 86 762 27 15.6 8.4 7.86 26 15.6 7.7 7.84 26 15.9 8.1 7.88 26
0.15 160 80 743 27 145 66 751 27 15.5 7.4 7.80 27 15.6 6.5 7.80 27 15.7 8.1 7.85 27
0.3 162 80 783 29 145 45 754 29 15.7 22 759 28 15.5 3.0 7.47 28 15.8 7.8 7.65 29
0.6 162 80 751 26 145 41 751 27 15.9 2.3 7.56 26 15.6 27 7.49 26 15.7 7.4 7.93 27
1.2 164 80 762 26 145 1.5 710 29 15.6 1.3 7.46 28 15.7 1.7 7.51 27 15.1 7.4 7.97 29
HSW.2 0.08 162 80 733 26 145 12 741 27 15.3 7.7 793 27 15.6 79 7.80 27 15.2 7.6 7.95 27
0.15 164 80 734 27 145 1.6 742 27 15.5 77 796 27 15.7 73 1.7 27 150 7.8 7.95 27
0.3 164 80 721 27 145 13 745 27 15.6 7.8 7.82 27 15.6 6.9 7.79 27 150 7.8 797 27
0.6 160 80 7.21 26 157 13 742 27 16.2 3.0 752 27 15.7 2.7 7.47 27 16.2 6.6 7.71 27
1.2 162 79 687 26 157 13 710 27 16.1 1.4 742 27 15.7 1.7 7.38 27 16.2 6.4 7.63 27
Min 160 79 687 26 145 12 710 27 15.3 1.3 742 26 15.4 1.7 7.38 26 15.0 6.4 7.63 26

Max 164 81 7.83 29 157 87 7177 29 16.2 8.4 796 28 15.7 8.4 784 28 16.2 8.2 7.97 29



APPENDIX TABLE 11

Strongylocentrotus purpuratus
SUMMARY OF SURVIVAL AND DEVELOPMENT FOR THE ECHINODERM LARVAE
EFFLUENT TEST
Test Dates: 4/7-4/11/94

Treatment
Concentration Total Total Total Mortality
(%) Rep Normal Abnormal Larvae/mL % Survival % Abnormal (%)
Initial Counts 1 156 31.2
2 136 27.2
3 141 282
4 168 33.6
5 137 27.4
Mean 29.5
Final Control 1 95 14 21.8 12.8
2 59 4 12.6 6.3
3 109 7 232 6.0
4 94 1 19.0 1.1
5 90 2 18.4 2.2
Mean 19.0 64.4 5.7 NA
HSW-1
0.08 1 45 32 154 41.6
2 63 53 23.2 457
3 66 43 21.8 394
4 76 38 22.8 333
S 78 40 23.6 33.9
Mean 214 72.4 38.8 0.0
0.15 1 0 79 15.8 100.0
2 0 48 9.6 100.0
3 0 44 8.8 100.0
4 0 89 17.8 100.0
S 0 99 19.8 100.0
Mean 144 48.7 100.0 24.4
0.3 1 0 50 10.0 100.0
2 0 53 10.6 100.0
3 0 57 11.4 100.0
4 0 84 16.8 100.0
5 0 58 11.6 100.0
Mean 12.1 40.9 100.0 36.4
0.6 1 0 66 13.2 100.0
2 0 85 17.0 100.0
3 0 74 14.8 100.0
4 0 112 224 100.0
S 0 57 114 100.0
Mean 15.8 534 100.0 17.1
1.2 1 0 106 21.2 100.0
2 0 115 23.0 100.0
3 0 92 18.4 100.0
4 0 60 12.0 100.0
5 0 114 22.8 100.0
Mean 19.5 66.0 100.0 100.0




APPENDIX TABLE 11 (Cont'd)

Strongylocentrotus purpuratus
SUMMARY OF SURVIVAL AND DEVELOPMENT FOR THE ECHINODERM LARVAE
EFFLUENT TEST
Test Dates: 4/7-4/11/94

Treatment
Concentration Total Total Total Mortality
(%) Rep Normal Abnormal Larvae/mL %0 Survival %0 Abnormal (%)
HSW-2 .

0.08 1 0 63 12.6 100.0
2 0 61 12.2 100.0
3 0 39 7.8 100.0
4 0 36 72 100.0
5 0 58 11.6 100.0

Mean 10.3 34.8 100.0 45.9
0.15 1 0 101 20.2 100.0
2 0 112 224 100.0
3 0 129 25.8 100.0
4 0 122 24.4 100.0
5 0 130 26.0 100.0

Mean 238 80.5 100.0 0.0
0.3 1 0 39 17.8 100.0
2 0 128 25.6 100.0
3 0 119 238 100.0
4 0 119 23.8 100.0
5 0 91 18.2 100.0

Mean 21.8 74.0 100.0 0.0
0.6 1 0 116 23.2 100.0
2 0 119 23.8 100.0
3 0 113 22.6 100.0
4 0 79 15.8 100.0
5 0 104 20.8 100.0

Mean 21.2 72.0 100.0 0.0
1.2 1 0 76 15.2 100.0
2 0 87 17.4 100.0
3 0 92 18.4 100.0
4 0 88 17.6 100.0
5 0 76 15.2 100.0

Mean 16.8 56.8 100.0 11.8




APPENDIX TABLE 12

Strongylocentrotus purpuratus
WATER QUALITY MEASUREMENTS FOR THE REFERENCE TOXICANT (COPPER) TEST
Test Dates: 4/7-4/11/94

Concentration Day 0 Day 1 Day 2 Day 3 Day 4
{pe/L) °C__ DO pH Sal °C_ DO pH Sal °C DO pH  Sal °C DO pH Sal °C DO pH Sal
0.1 156 89 788 29 143 NT NT NT 14.2 8.1 797 29 144 8.4 8.01 29 150 76 798 29
0.32 158 89 790 29 143 NT NT NT 14.2 8.1 8.00 29 14.4 8.4 8.04 29 150 7.7 799 29
1.8 158 89 792 29 144 NT NT NT 143 8.3 8.02 29 14.5 8.3 8.06 29 149 79 8.00 29
18 158 91 780 28 143 NT NT NT 14.2 83 8.01 28 14.5 8.3 8.06 29 50 79 8.00 29
56 158 91 7.86 26 144 NT NT NT 14.2 8.6 8.02 25 14.5 83 8.06 29 150 8.0 8.01 25
Min 156 89 780 26 14.3 14.2 8.1 797 25 144 8.3 8.01 29 149 7.6 798 25
Max 158 91 792 29 14.4 14.3 8.6 802 29 14.5 8.4 8.06 29 150 8.0 8.01 29

Note: NT = Not taken.



APPENDIX TABLE 13

Strongylocentrotus purpuratus
SUMMARY OF SURVIVAL AND DEVELOPMENT FOR THE ECHINODERM LARVAE
REFERENCE TOXICANT (Copper) TEST
Test Dates: 4/7-4/11/94

Treatment
Concentration Total Total Total Mortality
(pg/L) Rep Normal Abnormal Larvae/mL % Survival % Abnormal (%)
Copper
0.1 1 78 14 18.4 15.2
2 86 19 21.0 18.1
3 86 12 19.6 12.2
Mean 19.7 66.7 15.2 0.0
0.32 1 26 1 54 3.7
2 33 1 6.8 2.9
3 96 0 19.2 0.0
Mean 10.5 355 2.2 449
18 1 69 4 14.6 55
2 60 2 12.4 32
3 96 4 20.0 4.0
Mean 15.7 53.1 42 17.5
18 1 3 51 10.8 94.4
2 0 31 6.2 100.0
3 0 28 5.6 100.0
Mean 7.5 25.5 98.1 60.4
56 1 0 38 7.6 100.0
2 0 24 48 100.0
3 0 48 9.6 100.0
Mean 7.3 24.9 100.0 61.4




APPENDIX TABLE 14

Mpytilus edulis
WATER QUALITY MEASUREMENTS FOR THE EFFLUENT TEST
Test Dates: 4/7-4/9/94

Concentration Day 0 Day 1 Day 2

(%)Rep °C DO pH Sal °C °C DO pH  Sal
Control 1 163 80 749 26 14.8 160 72 779 26
2 14.6 160 7.2 782 26

3 14.5 16.0 7.5 7.82 26

4 14.7 16.0 7.5 7.88 26

5 14.8 160 7.6 796 26

HSW-1

0.08 1 160 81 742 26 14.5 160 7.6 7.68 26
2 14.5 16.0 7.5 7.65 26

3 14.4 16.1 7.3 7.67 26

4 14.5 16.0 72 766 26

5 14.5 16.1 7.1 7.66 26
015 1 160 80 743 27 14.5 160 40 746 26
2 14.4 16.0 4.0 7.40 26

3 14.4 160 38 738 26

4 14.4 16.0 3.8 7.38 26

5 14.5 16.0 3.6 7.40 26

03 1 162 80 783 29 14.4 160 20 744 28
2 14.5 16.0 2.0 7.52 28

3 14.5 16.0 1.8 754 28

4 14.4 16.0 1.8 7.56 28

5 14.5 16.0 15 755 28

0.6 1 162 80 751 26 14.5 16.0 1.6 756 26
2 14.5 16.0 1.7 758 26

3 14.5 16.0 1.7 760 26

4 14.6 16.1 2.1 7.61 26

5 14.5 16.1 20 7160 26

12 1 164 80 7.62 26 14.4 16.0 42 7.62 26
2 14.5 16,0 44 7.67 26

3 14.5 160 43 7.64 26

4 14.5 16.1 4.5 7.67 26

5 14.5 16.1 46 7.83 26

Min 160 80 742 26 144 16.0 1.5 738 26

Max 164 81 783 29 14.8 16.1 76 796 28



APPENDIX TABLE 14 (Cont'd)

Mytilus edulis
WATER QUALITY MEASUREMENTS FOR THE EFFLUENT TEST
Test Dates: 4/7-4/9/94

Concentration Day 0 Day 1 Day 2
(%)Rep °C DO pH Sal °C °C DO pH Sal
HSW-2
0.08 1 162 80 733 26 14.5 16.0 7.4 7.93 26
2 14.6 160 77 792 26
3 14.5 16.0 7.5 7.95 26
4 14.5 16.1 7.5 7.97 26
5 14.5 16.1 7.6 798 27
0.15 1 16.4 80 734 27 14.5 16.0 7.8 7.91 26
2 14.5 16.0 8.0 7.94 26
3 144 16.1 80 794 26
4 14.5 16.1 79 7.86 26
5 14.5 16.1 7.7 7.85 26
03 1 164 80 7.21 27 14.5 16.0 7.7 7.83 26
2 14.5 16.0 7.7 7.86 26
3 14.5 16.0 7.7 7.7 26
4 14.5 16.1 7.6 7.59 26
5 14.5 16.1 7.2 7.62 26
0.6 1 16.0 80 721 26 14.5 16.0 1.7 756 26
2 14.6 16.1 1.7 7.53 26
3 14.5 16.1 1.8 751 26
4 14.6 16.1 1.8 7.51 26
5 14.5 16.1 1.8 7.50 26
1.2 1 162 79 687 26 14.5 16.0 2.0 7.47 26
2 14.5 16.1 1.7 7.37 26
3 14.5 16.1 1.6 739 26
4 14.5 16.1 20 742 26
5 14.5 16.1 20 745 26
Min 160 79 6.87 26 14.4 16.0 1.6 7.37 26

Max 164 80 734 27 14.6 16.1 80 798 27



APPENDIX TABLE 15

Mytilus edulis

SUMMARY OF RESULTS FOR BIVALVE LARVAE BIOASSAY
Test Dates: 4/7-4/9/94

Treatment
Concentration Total Total Total Mortality
(%) Rep Normal Abnormal Larvae/mL % Survival % Abnormal (%)
Initial Counts 1 129 25.8
2 95 19.0
3 102 20.4
4 76 15.2
5 115 23.0
Mean 20.7
Final Control 1 103 13 23.2 11.2
2 97 3 20.0 3.0
3 86 5 18.2 5.5
4 83 5 17.6 5.7
5 106 7 22.6 6.2
Mean 20.3 98.2 6.3 NA
HSW-1
0.08 1 22 61 16.6 73.5
2 2 78 16.0 97.5
3 0 72 14.4 100.0
4 0 77 15.4 100.0
5 5 67 14.4 93.1
Mean 15.4 74.2 92.8 24.3
0.15 1 0 74 14.8 100.0
2 0 76 15.2 100.0
3 0 64 12.8 100.0
4 0 86 17.2 100.0
5 0 61 12.2 100.0
Mean 14.4 69.8 100.0 289
0.3 1 0 139 278 100.0
2 0 120 24.0 100.0
3 0 133 26.6 100.0
4 0 91 182 100.0
5 0 32 16.4 100.0
Mean 226 100.0 100.0 0.0
0.6 1 0 73 14.6 100.0
2 0 133 26.6 100.0
3 0 90 18.0 100.0
4 0 96 19.2 100.0
5 0 93 18.6 100.0
Mean 19.4 93.7 100.0 44
1.2 1 0 90 18.0 100.0
2 0 75 15.0 100.0
3 0 87 17.4 100.0
4 0 80 16.0 100.0
5 0 91 18.2 100.0
Mean 16.9 81.7 16.7




APPENDIX TABLE 15 (Cont'd)

Mpytilus edulis
SUMMARY OF RESULTS FOR BIVALVE LARVAE BIOASSAY
Test Dates: 4/7-4/9/94

Treatment
Concentration Total Total Total Mortality
(%) Rep Normal Abnormal Larvae/mL % Survival % Abnormal (%)
HSW-2

0.08 1 0 109 21.8 100.0
2 1 84 17.0 98.8
3 0 100 20.0 100.0
4 0 110 22.0 100.0
5 0 95 19.0 100.0

Mean 20.0 96.4 99.8 1.7
0.15 1 0 100 20.0 100.0
2 0 90 18.0 100.0
3 0 111 222 100.0
4 0 89 17.8 100.0
5 0 115 23.0 100.0

Mean 20.2 97.6 100.0 0.5
0.3 1 0 82 16.4 100.0
2 0 101 20.2 100.0
3 0 97 19.4 100.0
4 0 89 17.8 100.0
5 0 104 20.8 100.0

Mean 189 91.4 100.0 6.8
0.6 1 0 144 28.8 100.0
2 0 128 25.6 100.0
3 0 94 18.8 100.0
4 0 103 20.6 100.0
5 0 119 23.8 100.0

Mean 235 100.0 100.0 0.0
1.2 1 0 81 16.2 100.0
2 0 94 18.8 100.0
3 0 104 20.8 100.0
4 0 88 17.6 100.0
5 0 87 17.4 100.0

Mean 18.2 87.7 100.0 10.5




APPENDIX TABLE 16

Mpytilus edulis
WATER QUALITY MEASUREMENTS
FOR THE REFERENCE TOXICANT (COPPER) TEST
Test Dates: 4/7-4/9/94

Concentration Day 0 Day 1 Day 2

pg/LRep °C DO pH Sal °C °C DO pH Sal
0.56 1 158 92 791 30 14.3 140 77 795 28
143 14.0 7.8 7.96 29

3 14.3 14.0 79 796 29

32 1 157 89 791 29 14.3 141 79 796 28
14.3 14.0 79  7.96 29

3 14.2 14.0 8.1 7.96 29

10 1 156 87 792 29 14.3 14.0 8.0 796 28
2 14.4 14.1 8.0 797 28

3 14.3 14.1 3.1 7.97 28
321 156 9.7 778 26 14.3 140 80 797 26
14.3 141 81 796 26

3 143 141 81 795 26

56 1 158 9.1 786 26 144 140 83 795 25
143 140 81 796 25

3 14.4 140 81 796 25

Min 156 87 778 26 14.2 14.0 7.7 7.95 25

Max 158 97 1792 30 14.4 14.1 83 797 29



APPENDIX TABLE 17

Mpytilus edulis

SUMMARY OF RESULTS FOR THE BIVALVE LARVAE
REFERENCE TOXICANT (COPPER) BIOASSAY
Test Dates: 4/7-4/9/94

Treatment
Concentration Total Total Total Mortality
(ug/L) Rep Normal Abnormal Larvae/mL % Survival % Abnormal (%)
0.56 1 92 5 19.4 52
2 76 3 15.8 3.8
3 86 6 18.4 6.5
Mean 179 86.3 52 12.0
3.2 1 99 24 24.6 19.5
2 95 22 23.4 18.8
3 89 17 21.2 16.0
Mean 23.1 100.0 18.1 0.0
10 1 38 16 20.8 15.4
2 11 91 20.4 89.2
3 29 45 14.8 60.8
Mean 18.7 90.2 55.1 8.0
32 1 0 34 6.8 100.0
2 0 12 2.4 100.0
3 0 50 10.0 100.0
Mean 6.4 30.9 100.0 68.5
56 1 0 0 0.0 100.0
2 0 6 1.2 100.0
3 0 13 2.6 100.0
Mean 1.3 6.1 100.0 93.8
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9 August 1996

107091.EL.96

Patricia N.N. Young Sheila Wiegman

American Samoa Program Manager American Samoa

Office of Pacific Islands Environmental Protection Agency
and Native American Programs American Samoa Government

U.S. Environmental Protection Agency Pago Pago, American Samoa 96799

75 Hawthorne Street (E-4)

San Francisco, California 94105

Dear Pat and Shiela:

Subject: Joint Cannery Outfall Effluent Bioassay Testing
Results of Bioassay Tests 6 (Feb 96) and 7 (Mar 96)

Enclosed are two copies each of technical memoranda describing the results of the sixth and
seventh episodes of whole effluent bioassay testing done under StarKist Samoa and VCS Samoa
Packing NPDES permit requirements. As you know the test scheduled for October 1995 was
delayed until early February 1996 because of shipping problems as described in the memoran-
dum. For the tests done on the February 1996 samples, we performed bioassays on both Pe-
naeus vannami and Mysidopsis bahia for reasons described in the report. For the March 1996
sample, we used only a single species, Penaeus vannami. This is the species we will use in the
future, unless availability requires us to substitue Mysidopis bahia. Unless USEPA or ASEPA
have specific concerns, we will continue performing the tests as described in these reports. I
have not sent copies directly to anyone else at USEPA since I am not sure who you will want to
further review the reports (I have included an exira copy for USEPA to forward as appropri-
ate). The next test is scheduled for September/October 1996.

If you have any questions please feel free to call me at your convenience.
Sincerely,

CH2M HILL &

Project Manager &&Y’
cc USEPA Region IX, (1 extra copy of enclosure for distribution)
Norman Wei, StarKist Seafood Company (1 copy of enclosure)
James Cox, Van Camp Seafood Company (1 copy of enclosures)
Barry Mills, StarKist Samoa, Inc. (1 copy of enclosures)
Bill Perez, VCS Samoa Packing Company (1 copy of enclosures)

Kurt Kline, Advanced Biological Testing (1 copy of enclosure)
Karen Glatzel, Glatzel and Associates

CH2M HILL 1111 Broadway, P.O. Box 12681, Oakland, CA 94604-2681 510 251-2426 Fax 510 893-8205
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PREPARED FOR: StarKist Samoa, Inc.
V(S Samoa Packing Company, Inc.

PREPARED BY:  Steve Costa/CH2M HILL /SFO
' Karen A. Glatzel/Glatzel & Associates

DATE: 9 August 1996

SUBJECT: Bioassay Testing of Effluent
March 1996 Sampling

PROJECT: 107091.EL.96

Purpose

This memorandum presents the results of the effluent bioassay testing of the Joint Cannery
Outfall effluent sample that was collected in March 1996. This is the seventh of the
required semi-annual tests. Separate technical memoranda are being prepared to describe
the results of concurrent effluent chemistry testing.

Study Objectives

Section D.1 of the StarKist Samoa and VCS Samoa Packing NPDES permits requires that
semi-annual definitive acute bioassays (96-hour static bioassays) be conducted on the
cannery effluent. The purpose of these bioassays is to determine whether, and at what
effluent concentration, acute toxicity may be detected for the effluent.

U.S. EPA has conducted a number of reviews of the effluent sampling, analysis, and
bioassay tests. All comments from U.S. EPA have been incorporated into either the
Standard Operating Procedures or have been incorporated into the procedures by the
laboratory doing the test, Advanced Biological Testing, Inc., as documented in previous
reports.

The bioassays were originally specified to be conducted using the white shrimp, Penaeus
vannami (postlarvae). In the event Penaeus vannami are not available at the time of the
tests, a substitute species, Mysidopsis bahia, has been approved by U.S. EPA (CH2M
HILL, 26 January 1995). A substitution was not necessary for the March 1996 sampling,
and Penaeus vannami were used.

The acute bioassay effluent sampling must be concurrent with effluent sampling for priority
pollutant chemical analysis. Effluent samples are to be collected as 24-hour composite



Effluent Bioassay Testing
March 1996 Sampling
StarKist Samoa/VCS Samoa Packing

samples. The effluent acute bioassay was conducted using a combined composite effluent
sample made up from the composite effluent samples from the StarKist Samoa and VCS
Samoa Packing facilities, as approved by EPA. This combined effluent bioassay is
representative of the wastewater discharged from the joint cannery outfall to Pago Pago
Harbor.

Effluent Sampling Methods

Between 1200 on March 13 and 0900 on March 14, 1996, 24-hour, flow-weighted,
composite samples of final effluent were collected from both the StarKist Samoa and VCS
Samoa Packing treatment plant discharges. Samples were collected from the established
effluent sampling sites following the routine composite sample collection schedule for the
plants. Detailed sampling procedures were provided in the March 1995 technical
memorandum as Attachment II.

A total of eight grab samples were collected into pre-cleaned 1-gallon plastic cubitainers at
each plant. Samples were collected at approximately three-hour intervals over a 24 hour
period. The samples were stored on ice until the completion of the 24-hour sampling
period. After all samples were collected a flow-proportioned composite sample was
prepared. The grab sample collection times and the relative effluent volumes calculated
from plant flow records are summarized in Table 1. The relative effluent volumes were
used to prepare the final composite sample, which was used to fill the sample container
shipped to the laboratory for testing.

A 5-gallon cubitainer containing the composite sample was packed on ice in an ice chest for
shipment to the laboratory. Sample chain of custody forms were completed and then sealed
into zip-lock bags and taped inside the lid of the ice chest. Samples were shipped via DHL
on flights from Pago Pago to Honolulu and then to San Francisco. Samples were delivered
to the testing laboratory on 18 March 1996.

Bioassay Testing Procedures

The bioassay tests were conducted by Advanced Biological Testing Inc., Tiburon,
California. The testing procedures and results of the bioassay tests are provided in "Results
of a Bioassay Conducted on an Effluent Sample from the Joint Cannery Outfall in American
Samoa using Penaeus vannami " dated 1 April 1996 and included as Attachment I. This
report summarizes the 96-hour acute bioassay test conducted with reference to U.S. EPA
(1991) document EPA/600/4-90/027 as the source of methods for conducting the test.




Effluent Bioassay Testing
March 1996 Sampling
StarKist Samoa/VCS Samoa Packing

The bioassay tests were conducted considering and including U.S. EPA's comments on
previous bioassay tests, as documented in previous reports. A brine control was run and a
comparison was made with the dilution water "laboratory control". The test organisms were
required to be 1 to 5 days old, with a 24-hour range in age and that test temperature be 20

+ 1°Cor 25 1 1°C. The penaeids were postlarvae (8 to 10 mm) tested at 20 + 1 °C.

Because of the demonstrated potential for a lethal immediate dissolved oxygen demand
(IDOD), discussed and documented in previous technical memoranda describing the first
two bioassay tests, each bioassay test chamber was continuously aerated during the bioassay
tests to maintain adequate levels of dissolved oxygen (DO). Bioassay tests were carried out
for effluent concentrations of 50, 25, 12.5, 6.25, and 3.1% as vol:vol dilutions in seawater.
Water quality was monitored daily with parameters measured including DO, pH, salinity,
temperature, and ammonia. Additionally, a reference toxicant of sodium dodecyl! sulfonate
(SDS) was made up of a 2-gram per liter stock solution in distilled water and run at
concentrations of 100, 50, 25, 12.5, and 6.25 mg/L in 30 ppt seawater for a 96-hour test.

Results
The results of the bioassay tests are summarized as follows:

Penaeus vannami Effluent Bioassay. All results from the bioassay tests are
included in Attachment [. The results of the penaeid bioassay tests indicate the LCj,
for the effluent tested was 44.4 percent. The No Observable Effects Concentration
(NOEC) for the 96-hour bioassay was 25 percent and the Least Observable Effects
Concentration (LOEC) was 50 percent. The calculated value of toxicity units (TU)
was 4.

Penaeus vannami Reference Toxicant Bioassay. The reference toxicant had a
LCso of 42.9 mg/l. The laboratory mean was 26.39 mg/l with the data falling
within two standard deviations of the laboratory mean, indicating normal to slightly
lower than normal sensitivity.

Discussion

Table 2 summarizes the results of the effluent bioassay tests for the samples collected in

the March 1996 sampling compared to the previous bioassay tests. The NOEC and LCs,
are within the range obtained for previous penaeid tests. The penaeid survival in this test
compares well to the survival of penaeids in February 1996 test.
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Conclusions

The bioassay tests for the Joint Cannery Outfall effluent for March 1996 are not considered
to be of concern. As discussed in the previous bioassay test reports on the effluent, the time
scale of the mixing of the effluent with the receiving water is on the order of minutes to
seconds to achieve dilutions that will eliminate possible toxic effects as reflected by the
bioassay results. For example, an NOEC of 25% in this test corresponds to a dilution of
4:1 which is achieved in a few seconds. The discharge is located in about 180 feet of water
and the effluent toxicity tests indicate that the discharge is diluted to non-toxic levels
immediately after discharge and well within the initial dilution plume.
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Table 1

StarKist Samoa and VCS Samoa Packing 24-hour Composite Effluent
Sample for Bioassay Testing
13-14 March 1996

Grab VCS Samoa Packing StarKist Samoa VCS Sa- StarKist
Sample moa Samoa
Number Packing | Percent of

Percent of Total
Total Flow Flow
Sampling Effluent Sampling Effluent
Date and Flow Rate Date and Flow Rate
Time (mgd) Time (mgd)
1 3/13/96 1200 0.56 2/1/96 1200 1.19 3.7 8.0
2 1500 0.52 1500 1.26 3.5 8.4
3 1800 0.52 1800 1.26 3.5 8.4
4 2100 0.50 2100 1.33 3.3 8.9
5 2400 0.52 2400 1.36 3.5 9.1
6 3/14/96 0300 0.60 2/2/96 0300 1.40 4.0 9.4
7 0600 0.60 0600 1.05 4.0 7.0
8 0900 0.52 0900 1.75 3.5 11.7
Total 4.34 10.6 29.0 70.9
Mean 0.54 1.33
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Table 2

StarKist Samoa and VCS Samoa Packing
Combined Effluent Bioassay Results

Date Species Parameters

LC 50 NOEC LOEC
2/93 Penaeus vannami 4.8% 3.1% 6.25%
10/93 Penaeus vannami 15.67% 3.1% 6.25%
2/94 Penaeus vannami 15.76 % <1.6% 1.6%
10/94 Mysidopsis bahia” 31.2% 25% 50%
3/95 Penaeus vannami 14.8% 6.25% 12.5%
3/95 Mysidopsis bahia® 10.8% 6.25% 12.5%
2/96 Penaeus vannami >50% >50% >50%
2/96 Mysidopsis bahia® 28.36% 12.5% 25%
3/96 Penaeus vannami 44.4% 25% 50%

"The February 1993 samples were not aerated until after the first day of the test. For

subsequent tests the samples were aerated for the entire duration of the tests.

*Mysidopsis bahia substitutes as Penaeus vannami not available, as directed by U. S.

EPA.

3Mysidopsis bahia used in addition to Penaeus vannami as described in text. Only one
species is required by the permit conditions.
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1.0
INTRODUCTION

At the request of CH2M Hill (Project # PDX 30702), Advanced Biological Testing cdnducted a
four day effluent bioassay test on Penaeus vannami using effluents collected from the joint
cannery outfall at the Starkist and Van Camp tuna canneries in American Samoa. The study was
-run using methods generally specified in EPA 1991. Penaeus vannami is the test species
designated in the NPDES permit.

The study was conducted at the Advanced Biological Testing Laboratory in Tiburon, California,
and was managed by Mr. Mark Fisler.
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2.0
METHODS

2.1 EFFLUENT SAMPLING

The effluents were sampled on March 15, 1996 by cannery personnel under the supervision of
CH2M Hill. The sample was received by the laboratory on March 18, 1996. One five gallon
carboy was provided, maintained in an ice-filled cooler from the date of sampling until

laboratory receipt. The sample was at 5°C upon receipt.
2.2 SAMPLE PREPARATION

The salinity of the effluent sample was 14 ppt. The effluents required salinity adjustment to
30 ppt. The effluent salinity was increased to 30 ppt with 100 ppt natural seawater brine. The
brine was made from frozen Bodega Bay seawater. Due to the dilution of the effluent with the
brine solution, the initial maximum concentration of effluent was 8§1%. The highest initial test
concentration was made by diluting the 81% effluent with Bodega Bay seawater to an actual

effluent concentration of 50%.

The effluents were tested at an actual effluent concentration series of 50%, 25%, 12.5%, 6.25%,
and 3.1% as a vol:vol dilutions in seawater. A brine control was run to assess the potential
toxicity from the added brine. The diluent and the control water were filtered seawater from
Bodega Bay. The dilutions were brought to the test temperaturc (20 £ 2°C) and aerated
continuously. These effluents have been shown to have an increasing biological oxygen demand,
with a significant peak at 10-14 hours after test initiation. Previous testing of this effluent
without initial aeration has demonstrated significant toxicity at 24 hours (or before): therefore
aeration was carried out from the beginning of the test. According to EPA methods the effluents

were renewed with effluents held under refrigeration from test initiation on Day 2.

A reference toxicant was run using concentrations provided by the EPA. The toxicant was
sodium dodecyl sulfonate (SDS) made up as a 2 grams per liter stock solution in distilled water.
The tested concentrations were set at 100, 50, 25, 12.5 and 6.25 mg/L 1n 30 ppt seawater.
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2.3 TESTING PROCEDURES

The bioassay was carried out on post-larval Penaeus vannami provided by Brezina and
Associates. The animals were air-shipped from Hawaii and were received at ABT on March 19,
1996. Five replicates of each concentration were tested with ten animals per replicate. Water
quality was monitored daily as initial quality on Day O and final water quality on Days 1-4.

Parameters measured included dissolved oxygen, pH, salinity, total amnionia, and temperature.
24 STATISTICAL ANALYSIS

At the conclusion of the test, the survival data were evaluated statistically using ToxCalc™ to
determine ECp, NOEC, and TU values where appropriate. ToxCalc™ is a comprehensive
statistical application that follows standard guidelines for acute and chronic toxicity data
analysis. Statistical eftects can be measured by the ECp, the estimated concentration that causes
any effect, either lethal (LC) or sublethal (IC), on p% of the test population. The LCp is the point
estimate of the concentration at which a lethal effect is observed in p% of the test organisms.
ECp values include 95% confidence limits if available.

The NOEC (No Observable Effect Concentration) is the highest tested concentration at which
mortality and other sublethal measured effects are not significantly different from the same
parameters in the control. TU (Toxicity Units) are calculated as 100%/NOEC.
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3.0
RESULTS

3.1 INTRODUCTION

Table 1 summarizes the test parameters and conditions. The results of the effluent and reference
toxicant bioassays and the water quality monitoring for both sets of tests are presented in Tables
2 through 6.

3.2 TEST RESULTS

Water quality measurements were within the acceptable limits provided in EPA 199].
Temperature was maintained at 20 £ 1°C; pH remained relatively stable, and the salinity
increased slightly as would be expected in a static test (Tables 2 and 3). Aeration was maintained
in all chambers for the duration of the test. The test solutions were renewed with reserved
effluent at 48 hrs (Day 2).

Ammonia was 3.09 ppm in the 50% effluent at test initiation, and increased to 3.21 ppm by
Day 4. The LC50 for the effluent was 44.4%. There was significant mortality at the 50%
concentrations compared to the control (Table 3). The NOEC was 25%, and the LOEC was 50%.
The TU was 4.

The reference toxicant test had an LC50 of 42.9 mg/L (Tables 5 and 6). The laboratory mean was
26.39 mg/L and the data, while higher than the mean, is within two standard deviation of the

laboratory mean, indicating normal, though lower sensitivity.
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TABLE 1
Bioassay Procedure And Organism Data
For the Survival Bioassay

Using Penaeus vannami (U.S. EPA 1991)

Parameter Data

Sample Identification

Sample ID(s) 960318-1

Date Sampled 3/15/96

Date Received at ABT 3/18/96

Volume Received Five gallons

Sample Storage Conditions 4°C in the dark
Test Species Penaeus vannami

Supplier J. Brezina and Associates, Dillon Beach, Ca

Collection location Hawaii

Date Acquired 3/19/96

Acclimation Time Used immediately

Acclimation Water Shipping water

Acclimation Temperature 20£2°C

Age group Post larvae (approximately 8-10 mm)
Test Procedures

Type; Duration Acute, static/renewal at 48 hours

Test Dates 3/19 - 23/96

Control Water Bodega Bay seawater

Test Temperature 20x2°C

Test Photoperiod 16L: 8D

Salinity 30+ 2 ppt

Test Chamber 1000 mL jars

Animals/Replicate 10

Exposure Volume 500 mL

Replicates/Treatment 5

Feeding Brine shrimp (24 hr old nauplii)

Deviations from procedures Aerated continuously
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TABLE 2

Penaeus vannami
INITIAL WATER QUALITY MEASUREMENTS
FOR EFFLUENT TEST
Test Dates: 3/19/96 - 3/23/96

Concentration Day 0 Day 2
(%) pH DO NH3 °C  Sal pH DO NH3 °C  Sal
Control  8.00 74 001 206 29 802 80 002 183 30
Brine 803 74 001 203 29 801 80 0.02 185 29
31 791 74 018 204 29 7.84 80 022 186 29
625 780 74 037 205 29 767 76 042 190 29
125 767 74 074 205 29 735 74 082 189 29
25 747 74 151 206 29 756 80 162 189 29
50 754 73 309 206 29 733 74 321 186 29
Min 747 73 0.01 203 29 733 74 002 183 29
Max 803 74 3.09 206 29 802 80 321 190 30
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Penaeus vannami

TABLE 3

FINAL WATER QUALITY MEASUREMENTS FOR EFFLUENT TEST

Concentration Day 1 Day 2 Day 3 Day 4

(%) Rep pH DO °C  Sal pH DO °C Sal pH DO °C  Sal pH DO °C  Sal
Control 1 g06 7.0 19.1 30 805 75 191 30 814 76 185 30 808 78 180 3l
2 806 70 189 30 805 74 189 30 813 7.6 183 30 809 77 180 31

3 807 7.1 189 30 806 74 189 30 813 77 183 30 809 78 180 31

4 8.05 7.1 189 30 803 74 189 30 8.10 77 182 30 8.06 7.8 180 31l

5 8.08 72 186 30 809 7.6 187 30 815 79 180 30 812 78 18.0 31

Brine 1 819 7.2 190 30 8.19 7.7 190 30 829 79 184 30 825 78 181 31
Control 2 817 7.2 189 30 8.18 7.6 189 30 829 7.8 182 30 823 78 180 30
3 8.18 72 189 30 817 7.6 189 30 820 7.8 182 30 824 78 18.0 30

4 8.18 72 189 30 817 7.6 189 30 829 78 182 30 824 78 18.0 30

5 819 73 189 30 819 76 189 30 830 80 182 30 825 78 18.0 30

31 1 802 72 191 30 807 7.7 191 30 815 79 184 30 814 8.0 18.0 30
2 805 72 189 30 811 7.6 189 30 818 80 182 30 815 79 181 30

3 8.04 72 189 30 810 7.6 189 30 816 7.8 182 30 814 79 180 30

4 g02 72 189 30 808 76 189 30 g15 7.8 183 30 813 79 180 30

5 806 7.2 189 30 812 7.6 189 30 g.18 7.8 183 30 816 79 18.0 30

625 1 802 72 190 30 810 7.7 191 30 816 79 185 30 8.16 80 18.0 30
2 8.01 72 189 30 811 76 190 30 817 79 184 30 816 79 18.0 30

3 799 7.1 189 30 g.11 7.6 189 30 817 7.8 183 30 8.18 79 181 30

4 796 7.0 189 30 808 7.6 19.0 30 812 7.8 184 30 815 7% 18.0 30

5 789 68 189 30 804 7.6 189 30 806 7.8 184 30 811 74 181 30

125 1 796 10 191 30 8.09 76 19.1 30 814 78 186 30 819 8.0 18.0 30
2 798 7.0 190 30 812 7.6 191 30 782 69 18.6 30 797 76 18.1 30

3 790 69 190 30 803 76 191 30 796 74 185 30 808 76 18.0 30

4 798 70 190 30 8.10 7.6 19.1 30 811 76 185 30 819 78 180 30

5 803 7.0 190 30 g.14 7.6 189 30 818 7.7 183 30 822 78 180 30

25 1 802 70 192 30 812 76 192 30 820 78 186 30 825 79 182 31
2 8.06 69 191 30 814 74 191 30 820 76 185 30 826 7.8 18.1 31

3 g11 7.0 189 30 819 75 191 30 824 7.6 184 30 828 7.8 180 31

4 8.06 70 189 30 815 74 191 30 821 77 184 30 826 78 18.0 31

5 811 70 189 30 818 7.4 190 30 825 74 184 30 828 78 18.0 31

50 1 801 68 189 30 816 72 189 30 819 74 184 30 831 78 18.0 31
2 807 68 189 30 824 74 189 30 827 74 183 30 837 76 18.1 31

3 810 6.8 189 30 823 74 189 30 825 76 183 30 837 76 180 31

4 813 70 187 30 820 7.6 188 30 828 76 182 30 839 7.7 18.1 31

5 811 6.8 189 30 827 7.6 189 30 826 76 184 30 839 78 18.0 31

Min 789 68 186 30 803 72 187 30 782 69 180 30 797 76 180 30
Max 8.19 73 192 30 829 7.7 192 30 830 80 186 30 839 80 182 31
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TABLE 4

Penaeus vannami

SURVIVAL DATA FOR EFFLUENT TEST

Average
Concentration Initial o o
(%) Rep Added Dayl Day2 Day3 Dav4 Survival Survival

Control 1 10 10 10 10 10 100
2 10 10 10 10 10 100
3 10 10 10 10 10 100
4 10 10 10 10 10 100

5 10 10 10 10 10 100 100.0
Brine 1 10 8 8 8 8 80
Control 2 10 10 10 10 9 90
3 10 10 10 10 10 100
4 10 10 10 10 10 100

5 10 10 10 10 10 100 94.0
31 1 12 12 12 12 12 100
2 10 10 10 10 10 100
3 10 10 10 10 10 100
4 10 10 10 10 10 100

5 10 10 10 10 10 100 100.0
625 1 10 10 10 10 10 100
2 10 10 10 10 10 100
3 10 10 10 10 10 100
4 10 10 10 10 10 100

5 10 10 10 10 10 100 100.0
125 1 10 10 10 10 10 100
2 10 10 10 7 4 40
3 10 10 10 10 10 100
4 10 10 10 10 10 100

5 10 10 10 10 10 100 88.0
25 1 10 10 10 10 10 100
2 10 10 10 10 10 100
3 10 10 10 10 10 100
4 10 10 10 10 10 100

5 10 10 10 10 10 100 100.0
50 1 10 10 10 10 1 10
2 10 10 10 10 2 20
3 10 10 10 10 7 70
4 10 10 10 10 4 40

5 10 10 10 10 4 40 36.0



TABLE 5

Penaeus vannami
WATER QUALITY MEASUREMENTS
FOR REFERENCE TOXICANT (S8.D.S) TEST

Concentration Day 0 Day 1 Day 2 Day 3 Day 4
(mg/L)) Rep pH DO °C Sal pH DO °C Sal pH DO °C  Sal’ pH DO °C  Sal pH DO °C _ Sal
Control 1 800 74 204 29 788 60 192 30 770 56 193 30 763 54 187 30 766 62 183 30
2 791 60 191 30 779 60 191 30 780 62 185 30 777 66 180 30
3 791 60 191 30 780 62 191 30 781 63 185 30 778 68 180 30
625 1 802 74 204 29 778 46 192 30 762 52 192 30 772 62 186 30 772 6.6 181 31
2 770 45 192 30 757 52 191 30 768 6.0 185 30 769 64 180 3l
3 772 45 192 30 758 52 192 30 769 60 186 30 770 64 181 31
125 1 803 75 204 29 771 45 192 30 750 44 192 30 766 58 186 30 767 64 180 31
772 45 192 30 741 40 192 30 759 58 186 30 7.60 60 180 31
3 777 44 193 30 738 39 192 30 756 56 186 30 758 60 182 31
25 1 803 75 203 29 780 46 193 30 737 27 192 30 747 45 187 30 751 56 182 30
770 44 192 30 731 20 192 30 747 46 186 30 757 57 180 31
3 774 44 193 30 732 22 193 30 743 44 187 30 750 56 183 31
50 1 804 76 204 29 775 45 193 30 728 20 193 30 725 22 189 30 7.3t 38 184 31
777 48 192 30 726 20 192 30 721 16 189 30 718 22 183 31
3 780 48 194 30 727 20 194 30 722 18 189 30 7.18 24 185 31
100 1 804 76 204 29 787 51 194 30 — — — — — -— — — — — — —
2 779 44 193 30 — — — — — e — — — — — —
3 782 47 194 30 717 04 194 30 — — — — — — — —
Min 800 74 203 29 770 44 191 30 717 04 191 30 721 1.6 185 30 7.18 22 180 30
Max 804 76 204 29 791 60 194 30 780 62 194 30 781 63 189 30 778 68 185 31

Note: — = All animals dead.

-ouy Sunsa ], [ed130[01g] PIUBAPY
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TABLE 6

Penaeus vannami

SURVIVAL DATA FOR REFERENCE TOXICANT (8.D.S.) TEST

Average

Concentration Initial %o e
(mg/l) Rep Added Dayl Day2 Day3 Dayd4  Survival Survival

Control 1 10 10 10 10 10 100
10 10 10 10 10 100

3 10 10 10 10 10 100 100.0
625 1 10 10 10 10 10 100
2 10 10 10 10 10 100

3 10 10 10 10 10 100 100.0
125 1 10 10 10 10 10 100
10 10 10 10 10 100

3 10 10 10 10 10 100 100.0
25 1 10 10 9 10 10 100
10 10 8 10 10 100

3 10 10 10 10 10 100 100.0
50 1 10 9 9 3 3 30
10 10 10 8 6 60

3 10 10 10 3 0 0 30.0
100 1 10 0 — —_ — 0
10 0 — — — 0

3 10 1 0 — — 0 0.0

Note: — = All animals dead.

LC50=42.9 mg/L.
Laboratory mean = 26.39 mg/L.

10
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TECHNICAL MEMORANDUM CHMHILL
PREPARED FOR: StarKist Samoa, Inc.
V(S Samoa Packing Company, Inc.

PREPARED BY:  Steve Costa/CH2M HILL/SFO
Karen A. Glatzel/Glatzel & Associates

DATE: 9 August 1996
SUBJECT: Bioassay Testing of Effluent
February 1996 (Delayed Fall Sept/Oct 1995) Sampling
PROJECT: 107091.EL.96
Purpose

This memorandum presents the results of the effluent bioassay testing of the Joint Cannery
Outfall effluent sample that was collected in February 1996. This is the sixth of the
required semi-annual tests. Separate technical memoranda describe the results of concurrent
effluent chemistry testing. The February 1996 bioassay test is considered to replace the
delayed Fall (Sept/Oct) 1995 test.

The test initially planned for October 1995 was delayed as a result of problems encountered
in shipping laboratory sample containers for the required concurrent effluent chemistry
tests. International Air Transportation Association (IATA) regulations for the shipment of
dangerous goods were revised in the Fall of 1995. The nitric acid preservative used in the
metals chemistry bottles falls under these regulations, but an exception based on volume
should have applied. The new regulations were confusing for all air cargo shippers using
commercial carriers and shipments were refused by the commercial air carrier from
Honolulu to American Samoa. Multiple shipments of sample bottles were attempted using
FEDEX, DHL, and AIRBORNE EXPRESS.

Alternative shipping through a private air cargo and container ship was delayed because of
schedule delays between December 1995 and late January 1996 of these transporters.
Sample containers were shipped via Triple B Packers at the end of January. The canneries
collected the samples within one week of the arrival of the sample containers. Attempts to
avoid future delays will be made by early shipping and stockpiling sample collection kits in
Samoa in advance of the tests. Although the canneries have little storage space available, an
attempt will be made to secure an area for sample containers in the future.

Study Objectives

Section D.1 of the StarKist Samoa and VCS Samoa Packing NPDES permits requires that
semi-annual definitive acute bioassays (96-hour static bioassays) be conducted on the
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cannery effluent. The purpose of these bioassays is to determine whether, and at what
effluent concentration, acute toxicity may be detected for the effluent.

U.S. EPA has conducted a number of reviews of the effluent sampling, analysis, and
bioassay tests. All comments from U.S. EPA have been incorporated into either the
Standard Operating Procedures or have been incorporated into the procedures used by the
laboratory doing the test, Advanced Biological Testing, Inc., as documented in the March
1995 Technical Memorandum.

The bioassays were originally specified to be conducted using the white shrimp, Penaeus
vannami (postlarvae). In the event Penaeus vannami are not available at the time of the
tests, a substitute species, Mysidopsis bahia, has been approved by U.S. EPA. Prior to the
March 1995 test there was evidence that Penaeus vannami would not be available.
However, a source of this organism was found. Since the mysids had already been
ordered, bioassays were conducted with both Penaeus vannami and Mysidopsis bahia. The
initial lack of availability of Penaeus vannami in the previous test had resulted in the same
situation. Both tests have provided an opportunity to have a side-by-side test using the two
organisms and provide information for the evaluation of the overall bioassay testing study
since previous tests have been run with each species and substitution may occur with future
tests.

The acute bioassay effluent sampling must be concurrent with effluent sampling for priority
pollutant chemical analysis. Effluent samples are to be collected as 24-hour composite
samples. The effluent acute bioassay was conducted using a combined composite effluent
sample made up from the composite effluent samples from the StarKist Samoa and VCS
Samoa Packing facilities, as approved by EPA. This combined effluent bioassay is
representative of the wastewater discharged from the joint cannery outfall to Pago Pago
Harbor.

Effluent Sampling Methods

Between 1200 on February 01 and 0900 on February 02, 1996, 24-hour, flow-weighted,
composite samples of final effluent were collected from both the StarKist Samoa and VCS
Samoa Packing treatment plant discharges. Samples were collected from the established
effluent sampling sites following the routine composite sample collection schedule for the
plants.  Detailed sampling procedures were provided in the March 1995 technical
memorandum as Attachment II.

A total of eight grab samples were collected into pre-cleaned 1-gallon plastic cubitainers at
each plant. Samples were collected at approximately three-hour intervals over a 24 hour
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period. The samples were stored on ice until the completion of the 24-hour sampling
period. After all samples were collected a flow-proportioned composite sample was
prepared. The grab sample collection times and the relative effluent volumes calculated
from plant flow records are summarized in Table 1. The relative effluent volumes were
used to prepare the final composite sample, which was used to fill the sample container
shipped to the laboratory for testing.

A 5-gallon cubitainer containing the composite sample was packed on ice in an ice chest for
shipment to the laboratory. Sample chain of custody forms were completed and then sealed
into zip-lock bags and taped inside the lid of the ice chest. Samples were shipped via DHL
on flights from Pago Pago to Honolulu and then to San Francisco. Samples were delivered
to the testing laboratory on 5 February 1996.

Bioassay Testing Procedures

The bioassay tests were conducted by Advanced Biological Testing Inc., Tiburon,
California. The testing procedures and results of the bioassay tests are provided in "Results
of a Bioassay Conducted on an Effluent Sample from the Joint Cannery Outfall in American
Samoa using Penaeus vannami and Mysidopsis bahia" dated 1 April 1996 and included as
Attachment I. This report summarizes the 96-hour acute bioassay test conducted with
reference to U.S. EPA (1991) document EPA/600/4-90/027 as the source of methods for
conducting the test.

The bioassay tests were conducted considering and including U.S. EPA's comments on
previous bioassay tests. A brine control was run and a comparison was made with the
dilution water "laboratory control”. The test organisms were required to be 1 to 5 days old,

with a 24-hour range in age and that test temperature be 20 + 1 °C or 25 + 1 °C. The
mysids were 3-day old larvae tested at 25 + 2 °C and the penaeids were postlarvae (8 to 10
mm) tested at 20 + 2 °C.

Because of the demonstrated potential for a lethal immediate dissolved oxygen demand
(IDOD), discussed and documented in previous technical memoranda describing the first
two bioassay tests, each bioassay test chamber was continuously aerated during the bioassay
tests to maintain adequate levels of dissolved oxygen (DO). Bioassay tests were carried out
for effluent concentrations of 50, 25, 12.5, 6.25, and 3.1% for both species as vol:vol
dilutions in seawater. Water quality was monitored daily with parameters measured
including DO, pH, salinity, temperature, and ammonia. A reference toxicant of sodium
dodecyl sulfonate (SDS) was made up of a 2-gram per liter stock solution in distilled water
and run at concentrations of 100, 50, 25, 12.5, and 6.25 mg/L in 31 ppt seawater for a 96-
hour test.
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Results
The results of the bioassay tests are summarized as follows:

Penaeus vannami Effluent Bioassay. All results from the bioassay tests are
included in Attachment I. The results of the penaeid 96-hour bioassay indicate the
LCs, for the effluent tested was >50 percent. The No Observable Effects
Concentration (NOEC) for the 96-hour bioassay was >50 percent and the Least
Observable Effects Concentration (LOEC) was > 50 percent. The calculated value
of toxicity unit (TU) was <2.

Penaeus vannami Reference Toxicant Bioassay. The reference toxicant had a
LCs, of 24 mg/l. The laboratory mean was 21.59 mg/I and the data was slightly
over one standard deviation from the laboratory mean, indicating normal sensitivity.

Mysidopsis bahia Effluent Bioassay. All results from the bioassay are included in
Attachment I. The results of the mysid 96-hour bioassay tests indicate the LCs, for
the effluent tested was 28.36 percent (95 percent confidence limits = 21.4 percent
to 35.2 percent). The NOEC for the 96-hour bioassay was 12.5 percent and the
LOEC was 25 percent. The calculated value of TU was 8.

Mysidopsis bahia Reference Toxicant Bioassay. The reference toxicant had a
LCs, of 18.3 mg/l. The laboratory mean was 14.29 mg/Il, with a standard deviation
of 4.11 mg/l. The data was within one standard deviation of the laboratory mean,
indicating normal sensitivity.

Discussion

Table 2 summarizes the results of the effluent bioassay tests for the samples collected in

the February 1996 sampling compared to the previous bioassay tests. The NOEC and LCs,
are higher than those obtained for the October 1993, February 1994, and March 1995
penaeid tests. The higher LCs, and NOEC for mysids in the test is intermediate between
the results for the previous March 95 and October 94 tests.

Conclusions

The results of the bioassay tests for the Joint Cannery Outfall effluent for February 1996 are
not considered to be of concern. As discussed in the reports for the previous tests on this
effluent, the time scale of the mixing of the effluent with the receiving water is on the order
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The results of the bioassay tests for the Joint Cannery Outfall effluent for February 1996 are
not considered to be of concern. As discussed in the reports for the previous tests on this
effluent, the time scale of the mixing of the effluent with the receiving water is on the order
of minutes to seconds to achieve dilutions that will eliminate possible toxic effects as
reflected by the bioassay results. For example an NOEC of 12.5% corresponds to a
dilution of 8:1, and a NOEC of >50% corresponds to a dilution of <2:1, which is
achieved in a few seconds. The discharge is located in about 180 feet of water and the
effluent toxicity tests indicate that the discharge is diluted to non-toxic levels immediately
after discharge and the dilution needed to achieve this is well within the initial dilution
plume of the discharge.
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Table 1

StarKist Samoa and VCS Samoa Packing 24-hour Composite Effluent
Sample for Bioassay Testing
01-02 February 1996

Grab VCS Samoa Packing StarKist Samoa YCS Sa- StarKist
Sample moa Samoa
Number Packing Percent of

Percent of | Total Flow
Total Flow
Sampling Effluent Sampling | Effluent Flow
Date and Flow Rate Date and Rate (mgd)
Time (mgd) Time '
1 2/1/96 1200 0.54 2/1/96 1200 1.19 3.7 8.1
2 1500 0.52 1500 1.33 3.6 9.0
3 1800 0.48 1800 1.75 3.3 12.0
4 2100 0.46 2100 0.84 3.1 5.7
5 2400 0.58 2400 1.05 4.0 7.2
6 2/2/96 0300 0.58 2/2/96 0300 1.30 4.0 8.9
7 0600 0.52 0600 1.68 3.6 11.5
8 0900 0.54 0900 1.26 3.7 8.6
Total 4.22 10.4 29.0 71.0
Mean 0.53 1.30

I . - . .
Approximate sampling times as exact times not recorded
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Table 2

StarKist Samoa and VCS Samoa Packing
Combined Effluent Bioassay Results

Date Species Parameters

LC 50 NOEC LOEC
2/93 Penaeus vannami 4.8%' 3.1% 6.25%
10/93 Penaeus vannami 15.67% 3.1% 6.25%
2/94 Penaeus vannami 15.76% <1.6% 1.6%
10/94 Mysidopsis bahia’ 31.2% 25% 50%
3/95 Penaeus vannami 14.8% 6.25% 12.5%
3/95 Mysidopsis bahia® 10.8% 6.25% 12.5%
2/96 Penaeus vannami >50% >50% >50%
2/96 Mysidopsis bahia® 28.36% 12.5% 25%

"The February 1993 samples were not aerated until after the first day of the test. For

subsequent tests the samples were aerated for the entire duration of the tests.

2Mysidopsis bahia substitutes as Penaeus vannami not available, as directed by U. S.

EPA.

*Mysidopsis bahia used in addition to Penaeus vannami as described in text. Only one
species is required by the permit conditions.
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1.0
INTRODUCTION

At the request of CH2M Hill (Project # PDX 30702), Advanced Biological Testing conducted a
four day effluent bioassay test on Mysidopsis bahia and Penaeus vannami using effluents
collected from the joint cannery outfall at the Starkist and Van Camp tuna canneries in American
Samoa. The studies were run using methods generally specified in EPA 1991. Penaeus is the
preferred species according to the NPDES permit, however in previous studies when Penaeus
was unavailable, Mysidopsis was substituted. Since both species have been tested previously

separately, it was decided to continue with both species in this test.

The study was conducted at the Advanced Biological Testing Laboratory in Tiburon, California,
and was managed by Mr. Mark Fisler. '
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2.0
METHODS

2.1 EFFLUENT SAMPLING

The effluents were sampled on February 2, 1996 by cannery personnel under the supervision of
CH2M Hill. The sample was received by the laboratory on February 5, 1996. One five gallon
carboy was provided and maintained in an ice-filled cooler from the date of sampling until
laboratory receipt. The sample was at 5°C upon receipt.

22 SAMPLE PREPARATION

The salinity of the effluent sample was 14 ppt and required salinity adjustment to 30 ppt. The
effluent salinity was increased to 30 ppt with 100 ppt natural seawater brine. The brine was made
from frozen Bodega Bay seawater. Due to the dilution of the effluent with the brine solution, the
initial maximum concentration of effluent was 80%. The highest initial test concentration was
made by diluting the 80% effluent with Bodega Bay seawater to an actual effluent concentration
of 50%. The initial total ammonia was approximately 6 ppm (2.98 ppm in the 50% test sample).

The effluents were tested at an actual effluent concentration series of 50%, 25%, 12.5%, 6.25%,
and 3.1% for both species as vol:vol dilutions in seawater. A brine control was run with both test
sets to assess the potential toxicity from the added brine. The diluent and the control water was
filtered seawater from Bodega Bay. The dilutions were brought to the test temperatures (20 and
25 + 2°C) and aerated continuously. Based upon previous testing, these effluents have an
increasing biological oxygen demand, with a significant peak at 10-14 hours after test initiation.
Previous testing of this effluent conducted without aeration demonstrated significant toxicity at
24 hours (or before); therefore aeration was carried out from the beginning of the test. According
to EPA methods the test chambers were renewed with retained effluents held under refrigeration
from test initiation on Day 2.

A reference toxicant was run using concentrations initially provided by the EPA. The toxicant
was sodium dodecyl sulfonate (SDS) made up as a 2 grams per liter stock solution in distilled
water. The tested concentrations were set at 100, 50, 25, 12.5 and 6.25 mg/L in 31 ppt seawater.
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23 TESTING PROCEDURES

The bioassays were carried out on three day old larvae of Mysidopsis bahia supplied by Aquatox
in Arkansas and post-larval Penaeus provided by Brezina and Associates. The mysids were
received on February 7, 1996 and the penaeids on February 6, 1996. Five replicates of each
concentration were tested with ten animals per replicate. Water quality was monitored daily as
initial quality on Day O and final water quality on Days 1-4. Parameters measured included
dissolved oxygen, pH, salinity, total ammonia, and temperature.

24 STATISTICAL ANALYSIS

At the conclusion of the test, the survival data were evaluated statistically using ToxCalc™ to
determine ECp, NOEC, and LOEC values where appropriate. ToxCalc™ is a comprehensive
statistical application that follows standard guidelines for acute toxicity data analysis. Statistical
effects can be measured by the ECp, the estimated concentration that causes any effect, either
lethal (LC) or sublethal (IC), on p% of the test population. The LCp is the point estimate of the
concentration at which a lethal effect is observed in p% of the test organisms. ECp values
include 95% confidence limits if calculable. The Toxicity units (TU) are defined as 100/NOEC.
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3.0
RESULTS

3.1 INTRODUCTION

Tables 1 through 6 present the data for the Penaeus testing and Tables 7 through 12 present the
results of the Mysidopsis testing.

3.2 Penaeus vannami

The test conditions are summarized in Table 1. Water quality measurements were within the
acceptable limits provided in EPA 1991. Temperature was maintained at 20 + 2°C; pH remained
relatively stable, and the salinity increased slightly as would be expected in a static test (Tables 2
and 3). Aeration was maintained in all chambers for the duration of the test. The test solutions

were renewed with reserved effluent at 48 hrs.

Initial ammonia was 2.98 ppm in the 50% effluent and was proportionally diluted at lower
percentage concentrations. At the end of the test the 50% concentration had risen slightly to

3.54 ppm and the lower concentrations were again proportional.

There was little toxicity observed in the penaeid test, with 86% survival in the 50% concentration
(Table 4). The LC50 for the effluent was >50%. The NOEC was >50%. The TU was <2.

The reference toxicant test had an LC50 of 24 mg/L (Tables 5 and 6). The laboratory mean was
21.59 mg/L and the data was slightly over one standard deviation from the laboratory mean,

indicating normal sensitivity.
3.2 Mysidopsis bahia

The test conditions are summarized in Table 7. Water quality measurements were within the
acceptable limits provided in EPA 1991. Temperature was maintained at 25 + 2°C; and the pH
remained relatively stable, and the salinity increased very slightly as would be expected in a
static test (Tables 8 and 9). Aeration was maintained in all chambers for the duration of the test.
The test solutions were renewed with reserved effluent at 48 hrs.
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Initial ammonia was 2.98 ppm in the 50% effluent and was proportionally diluted at lower
percentage concentrations. At the end of the test the 25% concentration had risen slightly from
1.34 ppm on Day 0 to 1.81 ppm. The lower concentrations were proportional.

The LC50 for the effluent was 28.36% (95% confidence limits = 21.4% to 35.2%). There was
significant mortality at the 25% and 50% concentrations compared to the control (Table 10). The
NOEC was 12.5%, and the LOEC was 25%. The TU was 8.

The reference toxicant test had an LC50 of 18.3 mg/L (Tables 11 and 12). The laboratory mean
for Mysidopsis bahia was 14.29 mg/LL (SD = 4.11 mg/L). The data is within one standard

deviation of the laboratory mean, indicating normal sensitivity.
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TABLE 1

Bioassay Procedure And Organism Data

For the Survival Bioassay

Using Penaeus vannami U.S. EPA 1991)

Parameter

Sample Identification

Sample ID(s)

Date Sampled

Date Received at ABT
Volume Received

Sample Storage Conditions

Test Species

Supplier
Collection location
Date Acquired
Acclimation Time
Acclimation Water

Data

960205-1

2/2/96

2/5/96

Five gallons

4°C in the dark
Penaeus vannami
J. Brezina and Associates
Hawaii

2/6/96

24 hours
Shipping water

Acclimation Temperature 20x2°C
Age group Post larvae (approximately 8-10 mm)
Test Procedures

Type; Duration Acute, static/renewal at 48 hours

Test Dates 2/7-11/96

Control Water Bodega Bay seawater

Test Temperature 20x2°C

Test Photoperiod 16L:8D

Salinity 30+ 2 ppt

Test Chamber 1000 mL jars
Animals/Replicate 10

Exposure Volume 500 mL

Replicates/Treatment 5

Feeding Brine shrimp (24 hr old nauplii)

Deviations from procedures Aerated continuously
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TABLE 2

Penaeus vannami
INITIAL WATER QUALITY MEASUREMENTS
FOR EFFLUENT TEST
Initial Readings

Concentration Day 0 Day 2
(%) pH DO NH3 °C Sal pH DO NH3 °C  Sal

Control 800 80 001 180 30 808 7.6 0.01 190 30
Brine 810 79 001 180 30 799 84 001 201 30
31 798 79 017 180 30 771 48 017 195 30
625 798 7.8 035 180 30 777 66 034 194 30
125 784 76 070 180 30 765 52 063 192 30

25 784 76 134 180 30 756 48 121 194 30

50 780 72 298 180 29 _ = = -

Min 780 72 0.01 180 29 756 48 0.01 190 30
Max 810 80 298 180 30 808 84 121 201 30
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Penaeus vannami

TABLE 3

FINAL WATER QUALITY MEASUREMENTS FOR EFFLUENT TEST

Concentration Day 1 Day 2 Day 3 Day 4
(%) Rep pH DO °C  Sal pH DO °C Sal pH DO °C _ Sal pH DO NH3 °C Sal
Control 1 806 7.6 192 30 808 74 196 30 821 63 19.0 30 816 7.1 009 196 30
2 812 7.6 191 30 814 74 195 30 826 6.1 192 30 823 172 19.8 30
3 809 7.6 191 30 807 74 195 30 816 6.0 191 30 8.10 73 19.7 30
4 811 76 191 30 812 74 194 30 824 6.1 191 30 820 7.1 19.6 30
5 812 7.6 19.1 30 8.13 74 194 30 825 6.0 19.1 30 820 7.2 19.6 30
Brine 1 823 7.6 192 30 824 75 196 30 827 63 192 30 837 73 007 199 31
Control 2 823 76 191 30 823 74 194 30 837 63 192 30 834 71 19.7 30
3 825 7.6 191 30 825 74 194 30 838 62 192 30 835 74 19.6 30
4 825 7.6 190 30 826 74 193 30 838 6.2 19.1 30 836 172 19.6 31
5 826 7.6 190 30 827 74 193 30 839 6.1 191 30 836 7.2 196 31
31 1 814 7.6 19.1 30 813 74 195 30 825 64 192 30 822 72 037 199 30
2 816 7.6 19.0 30 817 74 193 31 830 62 19.1 31 829 72 19.7 31
3 818 7.6 190 30 818 74 193 31 830 64 19.1 31 828 172 19.6 31
4 8.12 7.6 190 30 8.13 74 193 30 825 6.1 191 30 821 7.0 19.6 31
5 816 7.6 19.0 30 817 74 193 31 824 63 191 31 827 1.0 19.6 31
625 1 815 7.6 191 30 814 74 195 30 826 6.1 192 30 826 72 057 199 30
2 812 76 191 30 8.11 74 194 30 823 6.0 192 30 822 170 197 31
3 815 7.6 190 30 817 74 193 30 828 6.1 19.1 31 828 72 19.6 31
4 814 7.6 191 30 816 74 193 30 827 6.1 19.1 30 829 72 19.6 31
5 815 76 191 30 815 74 193 30 825 6.0 19.1 30 812 71 19.6 31
125 1 8.07 7.6 192 30 804 72 195 30 818 6.0 192 30 822 70 100 199 30
2 816 7.6 191 30 815 72 194 30 830 6.0 191 31 824 1.1 19.7 30
3 813 7.6 191 30 814 72 194 30 829 59 191 30 819 12 19.8 30
4 810 7.6 19.1 30 808 7.0 194 30 827 59 19.1 30 827 172 19.8 30
5 810 7.6 191 30 8.10 7.0 194 30 823 6.0 192 30 826 7.0 19.6 30
25 1 811 7.6 191 30 810 72 195 30 828 6.0 191 30 833 70 181 198 31
2 818 74 190 30 817 72 193 30 833 61 191 31 836 7.0 19.7 32
3 809 74 191 30 8.09 72 194 30 822 60 191 30 831 71 197 30
4 805 74 191 30 806 72 194 30 801 6.0 192 30 829 6.8 19.7 30
5 806 74 191 30 806 72 195 30 830 6.1 192 30 831 6.8 19.7 30
50 1 813 72 193 30 819 72 196 30 836 6.1 192 31 843 64 354 199 31
2 813 7.0 192 30 821 72 195 30 830 6.0 19.2 30 845 68 19.8 31
3 819 72 192 30 825 72 195 30 841 59 192 31 845 6.8 199 31
4 815 72 194 30 817 7.0 198 30 837 6.0 194 30 833 6.7 19.9 31
5 817 7.1 195 30 820 7.0 199 30 842 6.0 194 31 844 6.7 19.7 31
Min 805 7.0 190 30 804 7.0 193 30 801 59 190 30 810 64 007 196 30
Max 826 7.6 195 30 827 75 199 31 842 64 194 31 845 74 354 199 32
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SURVIVAL DATA FOR EFFLUENT TEST

TABLE 4

Penaeus vannami

Average
Concentration Initial % %o
(%) Rep Added Dayl Day2 Day3 Dayd4 Survival Survival
Control 1 10 10 10 10 10 100
2 10 10 10 10 10 100
3 10 10 10 10 10 100
4 10 10 10 10 10 100
5 10 10 10 10 10 100 100.0
Brine 1 10 10 10 10 10 100
Control 2 10 10 10 10 10 100
3 10 10 10 10 10 100
4 10 10 10 10 10 100
5 10 10 10 10 10 100 100.0
31 1 10 10 10 10 10 100
2 10 10 10 10 10 100
3 10 10 10 10 10 100
4 10 10 10 10 10 100
5 10 10 10 10 10 100 100.0
625 1 10 10 10 10 10 100
2 10 10 10 10 10 100
3 10 10 10 10 10 100
4 10 10 10 10 10 100
5 10 10 10 10 10 100 100.0
125 1 10 10 10 10 10 100
2 10 10 9 9 9 90
3 10 10 10 10 10 100
4 10 10 10 10 10 100
s 10 10 10 10 10 100 98.0
25 1 10 10 10 10 10 100
2 10 10 10 10 10 100
3 10 10 10 10 10 100
4 10 10 10 10 10 100
5 10 10 10 10 10 100 100.0
10 10 10 10 10
50 1 10 10 10 10 9 90
2 10 10 10 10 9 90
3 10 10 10 10 9 90
4 10 9 9 9 6 60
5 10 10 10 10 10 100 86.0
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TABLE 5§

Penaeus vannami
WATER QUALITY MEASUREMENTS
FOR REFERENCE TOXICANT (S.D.S) TEST

Concentration Day 0 Day 1 Day 2 Day 3 Day 4
(mg/L) Rep pH DO °C  Sal pH DO °C Sal pH DO °C  Sal pH DO °C  Sal pH DO °C  Sal
Control 1 801 80 194 30 791 68 194 30 793 64 197 30 791 45 194 30 794 50 201 31
793 68 193 30 795 64 196 30 799 46 193 31 793 50 199 31
3 793 68 194 30 794 64 197 30 798 44 194 31 791 50 199 31
625 1 8§01 80 191 30 776 48 194 30 786 60 197 30 795 44 195 31 788 45 201 31
771 48 193 30 782 6.0 196 30 797 45 194 31 795 48 199 31
3 772 46 194 30 783 58 197 30 795 41 194 31 785 42 200 31
125 1 802 80 191 30 757 42 194 30 772 52 197 30 780 32 195 31 779 40 201 31
_ 754 42 194 30 769 52 196 30 778 32 194 30 777 40 201 31
3 754 42 194 30 769 51 197 30 778 34 194 31 780 40 201 31
25 1 802 80 191 30 743 39 195 30 747 48 199 30 761 24 195 31 770 35 203 31
2 743 39 194 30 746 47 197 30 762 25 194 31 773 37 202 31
3 744 37 195 30 747 47 198 30 764 25 194 31 773 35 202 31
50 1 802 80 192 30 746 40 196 30 739 42 199 30 740 01 195 31 750 14 201 31
750 40 195 30 736 44 198 30 736 01 195 31 746 08 203 31
3 748 40 196 30 737 43 199 30 738 01 195 31 747 05 203 31
100 1 802 80 197 30 745 38 196 30 — — — — — -— — — — — — —
741 37 196 30 — — — — — — — — — — — —
3 743 35 197 30 — — — — — — — — — — — —
Min 801 80 191 30 741 35 193 30 736 42 196 30 736 01 193 30 746 05 199 31
Max 802 80 197 30 793 68 197 30 795 64 199 30 799 46 195 31 795 50 203 31

Note: — = All animals dead.

-ou] 3unsa, [BII30]0lg PIdUCAP Y
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TABLE 6

Penaeus vannami
SURVIVAL DATA FOR REFERENCE TOXICANT (8.D.S.) TEST

Average
Concentration Initial % %o
(mg/.) Rep Added Dayl Day2 Day3 Day4  Survival Survival

Control 1 10 10 10 10 10 100
2 10 10 10 10 10 100

3 10 10 10 10 10 100 100.0
625 1 10 10 10 10 10 100
10 10 10 10 10 100

3 10 10 10 10 10 100 100.0
125 1 10 10 10 10 10 100
10 10 9 9 9 90

3 10 10 10 10 10 100 96.7
25 1 10 10 7 7 5 50
10 7 3 1 10

3 10 7 3 3 3 30 30.0
50 1 10 6 2 2 2 20
2 10 6 4 4 3 30

3 10 6 3 3 3 30 26.7
100 1 10 0 — — — 0
10 0 — — _— 0

3 10 0 — — — 0 0.0

Note: — = All animals dead.

LC50 = 24 mg/L.
Laboratory mean = 21.59 mg/L.

11
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TABLE 7

Bioassay Procedure And Organism Data
For the Survival Bioassay
Using Mysidopsis bahia(U.S. EPA 1991)

Parameter Data
Sample Identification
Sample ID(s) 960205-1
Date Sampled 2/2/96
Date Received at ABT 2/5/96
Volume Received Five gallons
Sample Storage Conditions 4°C in the dark
Test Species Mpysidopsis bahia
Supplier Aquatox, Hot Springs, Arkansas
Collection location In house colony
Date Acquired 2/7/96
Acclimation Time Used immediately
Acclimation Water Shipping water
Acclimation Temperature 25+2°C
Age group Three day old larvae
Test Procedures
Type; Duration Acute, static/renewal at 48 hours
Test Dates 2/7-11/96
Control Water Bodega Bay seawater
Test Temperature 25+ 2°C
Test Photoperiod 14L:10D
Salinity 30+ 2 ppt
Test Chamber 1000 mL jars
Animals/Replicate 10
Exposure Volume 500 mL
Replicates/Treatment 5
Feeding Brine shrimp (<24 hr old nauplii)
Deviations from procedures None

12
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TABLE 8
Mysidopsis bahia
INITIAL WATER QUALITY MEASUREMENTS
FOR EFFLUENT TEST
Initial Readings
Concentration Day 0 Day 2
(%) pH DO NH3 °C Sal pH DO °C__ Sal
Control 800 80 001 242 30 809 76 246 30
Brine 810 79 001 242 30 798 76 244 30
31 798 79 017 243 30 767 50 246 30
625 798 78 035 242 30 769 6.1 243 30
125 784 76 070 243 30 764 46 249 30
25 784 76 134 242 30 757 42 249 30
50 780 72 298 242 29 —_ — = —
Min 780 7.2 001 242 29 757 42 243 30
Max 810 80 298 243 30 809 76 249 30

13
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TABLE 9

Mysidopsis bahia
FINAL WATER QUALITY MEASUREMENTS FOR EFFLUENT TEST

Concentration Day 1 Day 2 Day 3 Day 4

(%) Rep  pH DO °C  Sal pH DO °C  Sal pH DO °C  Sal pH DO NH3 °C Sal
Control 1 820 7.0 253 31 820 64 253 32 826 58 254 31 828 68 009 260 32
2 820 68 253 31 821 65 253 32 829 6.0 255 31 828 6.7 26.1 32

3 819 68 253 31 8.16 65 254 32 823 5.8 256 31 822 6.6 26.0 32

4 814 68 254 31 814 64 254 32 817 59 256 31 8.19 6.5 260 32

5 819 6.8 256 31 821 64 255 32 827 6.0 256 31 830 6.5 260 32
Brine 1 831 6.8 254 31 830 64 254 31 839 6.1 256 31 836 6.5 0.07 260 31
Control 2 832 68 254 31 832 64 254 31 837 60 256 31 838 64 260 31
3 832 6.7 254 31 832 64 254 31 8.38 6.0 257 31 836 6.4 26.1 31

4 830 6.7 256 31 829 64 256 31 837 6.0 257 31 838 6.4 26.1 31

5 823 6.6 256 31 822 64 256 31 825 58 257 31 826 6.4 26.0 31

31 1 822 6.6 255 31 821 64 254 31 829 59 257 31 830 64 032 260 31
2 818 6.6 256 31 8.18 64 256 31 826 6.0 257 31 827 63 26.1 31

3 822 66 256 31 823 64 256 31 831 6.1 258 31 830 64 26.0 31

4 821 6.6 256 31 822 64 256 31 828 6.1 258 31 833 64 260 31

5 822 66 257 31 823 64 256 31 832 60 258 31 829 6.4 260 31

625 1 823 68 255 31 824 64 254 31 834 6.0 257 31 835 64 057 261 31
2 820 6.7 256 31 8.17 64 256 31 826 6.0 259 31 831 6.4 260 31

3 819 6.6 258 31 8.17 64 256 31 825 6.0 259 31 827 64 260 31

4 8.17 6.6 258 31 8.16 64 257 31 827 58 259 31 828 6.4 26.0 31

5 822 67 258 31 821 64 258 31 830 6.1 259 31 832 64 260 31

125 1 821 6.6 256 31 8.18 64 256 31 828 6.0 257 31 834 64 1.00 261 31
2 821 6.6 257 31 8.18 64 256 31 831 60 258 31 833 64 26.0 31

3 821 6.6 258 31 822 64 257 31 826 60 258 31 836 64 260 31

4 8.19 6.6 259 31 821 64 258 31 829 58 259 31 835 64 26.0 31

5 823 6.6 259 31 823 64 258 31 827 58 259 31 837 64 26.7 31

25 1 8.12 64 258 31 809 62 257 31 816 56 259 31 831 62 181 260 31
2 821 64 259 31 821 63 258 31 829 55 259 31 838 6.2 26.1 31

3 823 6.6 258 31 826 64 258 31 837 55 259 131 841 62 26.1 31

4 824 6.6 259 31 822 64 258 31 834 57 259 31 840 6.2 26.0 31

5 823 65 259 31 822 64 259 31 832 58 259 31 839 6.2 260 31

50 1 809 62 254 31 _ = = = —_— —_ = = — e —
2 8.07 63 256 31 —_ —- - - —_ - - = _ = = = =

3 798 6.0 255 31 —_ = = — e — — - — — —

4 799 6.0 255 31 _ - - - —_ - = - —_ - = = =

5 827 6.6 255 31 831 64 254 32 —_— —_ = — —_ = = =

Min 798 6.0 253 31 8.09 62 253 31 8.16 55 254 31 8.19 62 007 260 31
Max 832 70 259 31 832 65 259 32 839 61 259 31 841 68 181 267 32

14
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TABLE 10

Mysidopsis bahia
SURVIVAL DATA FOR EFFLUENT TEST

Average

Concentration Initial %o %
(%) Rep Added Dayl Day2 Day3 Day4  Survival Survival

Control 1 10 10 10 10 9 90
2 10 8 8 8 8 80
3 10 10 10 9 9 90
4 10 10 10 10 9 90
5 10 10 10 10 10 100 90.0
Brine 1 10 10 8 8 8 80
Control 2 10 10 - 10 9 9 90
3 10 10 10 10 9 90
4 10 10 10 10 10 100
5 10 10 10 10 10 100 92.0
31 1 10 10 10 10 10 100
2 10 8 7 7 7 70
3 10 10 9 8 8 80
4 10 10 10 9 8 80
5 10 10 10 10 10 100 86.0
625 1 10 9 9 9 9 90
2 10 10 10 10 10 100
3 10 10 10 10 9 90
4 10 10 10 10 9 90
5 10 10 10 10 9 90 92.0
125 1 10 10 7 7 7 70
2 10 10 9 9 9 90
3 10 10 10 10 10 100
4 10 10 10 10 10 100
5 10 10 10 10 9 90 90.0
25 1 10 10 10 10 8 80
2 10 10 8 8 6 60
3 10 10 6 6 4 0
4 10 10 6 6 3 30
5 10 10 7 7 5 50 44.0
50 1 10 0 —_ — — 0
2 10 0 —_ — — 0
3 10 0 — — — 0
4 10 0 — — — 0
5 10 1 0 _— — 0 0.0
Note: — = All animals dead.

15
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TABLE 11

Mysidopsis bahia

WATER QUALITY MEASUREMENTS
FOR REFERENCE TOXICANT (S.D.S) TEST

Concentration Day 0 Day 1 Day 2 Day 3 Day 4

(mg/L.) Rep pH DO °C  Sal pH DO °C Sal pH DO °C Sal pH DO °C  8Sal pH DO °C Sal
Control 1 800 76 257 30 808 66 254 31 794 52 254 31 795 42 255 31 796 52 262 32
2 808 66 254 31 796 54 254 31 794 43 256 31 795 50 261 32

3 809 66 254 31 799 53 254 31 795 39 256 31 791 46 262 32

16 1 800 76 260 30 8.06 64 254 31 793 50 255 31 786 34 256 31 791 46 262 32

2 8.05 64 254 31 790 48 255 31 794 43 256 31 793 48 262 32

3 805 64 254 31 792 48 254 31 780 30 256 31 786 44 261 32

31 1 800 76 260 30 803 62 254 31 788 44 255 31 786 36 256 32 795 50 262 32

2 802 62 254 31 793 48 255 31 781 40 256 31 794 50 263 32

3 802 62 254 31 792 46 255 31 786 34 256 31 789 45 263 32

625 1 800 76 260 30 795 58 256 31 78 46 256 31 787 38 256 32 795 48 262 32

2 794 58 256 31 786 46 256 31 788 38 256 32 795 50 262 32

3 792 55 255 31 784 44 254 31 781 30 256 31 789 46 262 32

125 1 800 76 260 30 777 42 256 31 779 46 256 31 778 32 256 32 784 44 264 32

2 775 42 256 31 780 46 256 31 778 32 257 31 786 44 263 32

3 776 42 256 31 785 48 256 31 777 30 257 31 789 44 263 32

25 1 800 7.6 259 30 762 39 254 31 763 42 254 31 773 30 254 31 778 3.6 262 32

2 758 39 254 31 760 42 254 31 775 32 255 31 176 3.6 262 32

3 757 39 254 31 755 41 254 31 774 34 256 31 787 50 262 32
Min 800 76 257 30 757 39 254 310 755 41 254 310 773 30 254 310 176 3.6 261 320
Max 800 76 260 30 809 66 256 310 799 54 256 310 795 43 257 320 796 52 264 320

Note: — = All animals dead.
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TABLE 12

Mysidopsis bahia
SURVIVAL DATA FOR REFERENCE TOXICANT (S.D.S.) TEST

. Average
Concentration Initial %o Yo
(mg/L) Rep Added Dayl Day2 Day3 Day4  Survival Survival

Control 1 10 10 10 10 9 90
2 10 10 9 9 9 90

3 10 10 9 9 9 90 90.0
16 1 10 10 8 8 8 80
10 10 10 9 9 90

3 10 10 10 10 10 100 90.0
31 1 10 10 9 8 8 80
10 10 10 9 9 90

3 10 10 10 10 9 90 86.7
625 1 10 10 9 9 9 90
10 10 10 10 10 100

3 10 10 8 8 8 80 90.0
125 1 10 7 7 7 7 70
10 7 7 7 7 70

3 10 8 6 6 60 66.7
25 1 10 2 2 2 2 20
10 3 3 3 3 30

3 10 1 1 1 1 10 20.0

LC50=18.3 mg/L.
Laboratory mean = 14.29 mg/L.
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